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PART i: THE DECLARATIQN QF THE RECORD QF DECISION • 

SITE NAIVSE AND LOCATION 

The Fremont "National Forest/White King and Lucky Lass Uranium Mines (USDA), referred to 
as the White King/Lucky Lass Uranium Site or "Mines site", is located in Lake County 
approximately 17 miles northwest of Lakeview, Oregon. The Mines site is in the Lakeview 
Ranger District of the Fremont National Forest and situated on both National Forest System 
Land and private property. The Mines site encompasses approximately 140 acres affected by 
uranium mining activities which occurred during the 1950s and 1960s. 

The Environmental Protection Agency (EPA) identification Number: 0R7i 22307658. 

STATEWIENT OF BAS§S AMD PURPOSE 

This decision document presents the selected remedy for the Mines site. This Record of 
Decision (ROD) has been developed in accordance with the requirements of the 
Comprehensive Environmental, Response, Compensation, and Liability Act (CERCLA) of 1980, 
42 use §9601 etseq. as amended by the Superfund Amendments and Reauthorization Act of 
1986 (SARA), and, to the extent practicable, the National Oil and Hazardous Substance 
Pollution Contingency Plan (NCP), 40 CFR Part 300. This decision is based on the 
Administrative Record for the Mines site. 

The remedy was selected by the U.S. Environmental Protection Agency. The U.S. Department 
of Agriculture Forest Service ("USFS or Forest Service"), State of Oregon Department of 
Environmental Quality (ODEQ) and Oregon Office of Energy (OOE) concur with the selected 
remedy. Their concurrence letters are attached in Appendix E. 

ASSESSMENT OF THE SSTE 

The response action selected in this ROD is necessary to protect the public health or welfare or 
the environment from actual or threatened releases of hazardous substances into the 
environment. Such a release or threat of release may present an imminent and substantial 
endangerment to public health, welfare, or the environment. 

DESCR5PT10N OF.THE SELECTED REMEDY 

This ROD addresses contaminated soils, waste rock, and ground water at the White King and 
Lucky Lass i\^ines, and contaminated water and sediments at the water filled excavation pit 
(pond) located at the White King Mine. The selected remedy includes consolidating and 
covering of the most highly contaminated soils from both mines at the White King Mine area 
and continued neutralization of the acidity in the White King pond. Since the pond 
neutralization could impact the concentrations of contaminants in sediments, and sediment 
toxicity was not fully evaluated in the RI/FS, the White King pond wili be further evaluated to 
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better assess the risks and feasibility of environmental protection for the proposed beneficial 
uses (aquatic habitat). 

The major components of the selected remedy for each area of the Mines site include; 

White King Stockpiles 

• Recontour the protore' stockpile at the White King Mine so it is out of the Augur 
Creek floodplain. Approximately 138,000 cubic yards of the protore stockpile will 
be moved and regraded; 

• Excavate the overtDurden stockpile at the White King Mine and contaminated 
soils which are above background concentrations and exceed health based 

' protective levels in the vicinity of the White King mine, Including portions of 
Augur Creek adjacent to the stockpile, the haul road, and other areas referred to 
as "off-pile", and consolidate with the recontoured protore stockpile described 
above. Approximately 465,000 cubic yards of overburden will be excavated; 

<• Isolate the consolidated stockpile (also referred to as the mine waste repository) 
under recompacted clay and cap with a two-foot thick clean soil cover in order to 
support native vegetation; 

Implement long term inspection and maintenance of the mine waste repository to 
ensure it remains protective; 

• Land use restrictions will be put in place to limit and manage human exposure to 
contaminated soils underneath the mine waste repository cover and underiying 
groundwater, and any uses that could impact the integrity of the Mine waste 
cover. 

» Access will be restricted by constructing a fence or other physical barrier 
surrounding the mine waste repository in order to prevent exposure to and 
disruption or use of the stockpiles materials by human or mediuhn-to-large 
animals. 

» Monitor upgradient and downgradient ground water at the mine waste repository 
and Augur Creek surface water and sediment to ensure that the proposed 
beneficial uses of ground water (aquatic life and livestock) are maintained and 
that the remedy is protective. 

Protore is a mining term for low-grade mineralized materiaLs surrounding an ore. This term was originally used to 
describe one of tbe stockpiles at the Mines site.- The results of sub.sequent investigations indicated that both stockpiles consist of 
overburden (malerial removed to reach the ore), however, the original terminology was retained to be consistent with previous 
reports. 
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White King Pond 

Conduct maintenance on the pond in order to raise the pH in the pond water in 
order to be protective and meet state water quality standards for Goose Lake 
Basis (requires a pH range of 7-9). 

Monitor the pond (water and sediments) and ground water (including surface 
discharge or seeps along the highwall) to determine the effectiveness of pond 
neutralization, refine background levels, establish trends and further evaluate the 
risks associated with pond water, seeps, and sediments. 

Conduct an assessment of the toxicity and bioaccumulation potential of COCs in 
pond sediments to further assess the risks and feasibility of environmental 
protection for the proposed beneficial uses (aquatic habitat)^. If sediments are 
determined to pose an unacceptable risk to aquatic organisms at the population 
level which could impact higher trophic levels, action such as sediment capping 
or dredging may be required. This action will be documented in an Explanation 
of Significant Decision (ESD) or ROD amendment. 

Implement access restrictions such as fencing to prevent other beneficial uses of 
the pond which could pose an unacceptable exposure to sediments in the pond 
(e.g., recreational use, livestock watering). 

Land use restrictions will be put in place to limit and manage use of the pond 
such as for recreational, or agricultural purposes. Use of the pond water for fire 
suppression may be allowed in certain circumstances consistent with the Forest 
Plan Amendment. 

Lucl<v Lass Stockpile 

Excavate soils and waste rock, which are above background concentrations and 
exceed health based protective levels from the Lucky Lass stockpile and off-pile 
areas (approximately 3,000 cubic yards), and placement into the White King 
mine waste repository. 

Regrade remaining soil and waste rock to prevent erosion and promote 
vegetation. The disturbed areas will be covered with 3 inches, of soil. 

Implement institutional controls to prevent removal or residential use of the 
remaining Lucky Lass stockpile soils and prohibit installation of drinking water 
wells within the stockpile. 

^ Because the White King pond occurs in a mineralized zone it is uncertain if certain 
beneficial uses can be fuUy protected with respect to sediment exposure. This issue is discussed 
fiirther in Section 12.2.2. 
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STATUTORY DETERMINATIONS 

The selected remedy is protective of human health and the environment, complies with Federal 
and State requirements that are applicable or relevant and appropriate to the remedial action, is 
cost-effective, and utilizes permanent solutions and alternative treatment (or resource recovery) 
technologies to the maximum extent practicable. 

The remedy for the White King Pond, in-situ neutralization, satisfies the statutory preference for 
treatment as a principal element of the remedy. Neutralization of the pond water increases the 
pH and reduces the concentration of COCs in the surface water. 

The contaminated soils at the Mines site are not principal threat wastes as that term is defined 
by EPA. Principle threat wastes are source materials considered to be highly toxic or highly 
mobile that generally cannot be reliably contained, or would present a significant risk to human 
health or the environment should exposure occur. The stockpiles at the Mines site are 
considered to be relatively non-mobile with low toxicity which can be reliably contained. Section 
11 of the Decision Summary provides the rationale for the determination that no principle threat 
wastes exist at the,Mines site and Section 10.4.1 describes how treatment was considered 
during the comparative analysis of altematives. 

Because this remedy will result in hazardous substances, pollutants, or contaminants 
remaining on-site above levels that allow for unlimited use and unrestricted exposure,, a 
statutory review will be conducted within five years after initiation of remedial action to ensure 
that the remedy is, or will be, protective of human health and the environment. 

ROD DATA CERTIFICATION CHECKLIST 

The following information is included in the Decision Summary section of this ROD. Additional 
information can be found in the Administrative Record for this Site. 

o Chemicals of concern (COCs) and their respective concentrations. (See Section 

5.3.1) 

« Baseline risk represented by the COCs. (Section 7.1.6) 

• Cleanup levels established for COCs and the basis for the levels. (See Section 
12.6.1) 

0 Whether source materials constituting principal threats are found at the Mines 
site. (See Section 11) 

e Current and future land and ground water use assumptions used in the baseline 
risk assessment and ROD. (See Section 6) 
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" Potential land and ground water use that will be available at the Mines site as a 
result of the Selected Remedy. (See Section 12.6) 

» Estimated capital, operation and maintenance (O&M), and total present worth 
costs; discount rate; and the number of years over which the remedy cost 
estimates are projected. (See Section 12.5) 

Key factor(s) that led to selecting the remedy. (See Section 12.1) 

AUTHORIZING SIGNATURE 

l/^Aoi 
Mi6hae! F. Gearheard, Dtr^'ctor ^ 7 ^ v ^ Date 
Environmental Cleanup Office, Region 10 
U.S. Environmental Protection Agency' 
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PARTIi: DECiSiOM SUMMARY 

This Decision Summary provides a description of the site-specific factors and anaiysis that led 
"to the selection of the remedy for the White King/Lucky Lass Superfund Site. It includes 
information about the Mines site Background, the nature and extent of contamination, the 
assessment of human health and environmental risks, and the identification and evaluation of 
remedial alternatives. 

This Decision Summary also describes the involvement of the public throughout the process, 
along with the environmental programs and regulations that may relate to or affect the 
altematives. The Decision Summary concludes with a description of the selected remedy in this 
Record of Decision (ROD) and a discussion of how the selected remedy meets the 
requirements of the Comprehensive Environmental, Response, Compensation, and Liability Act 
(CERCLA) of 1980, as amended by the Superfund Amendments and Reauthorization Act of 
1986 (SARA). 

Documents supporting this Decision Summary are included in the Administrative Record for the 
Mines site. Key documents include the Final Remedial Investigation Report, the Final 
Feasibility Study Report, the Human Health and Ecological Baseline Risk Assessment Report 
and the Proposed Plan for the Mines site. 
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SECTION 1 

SITE NAME, LOCATION, AND DESCRSPTION 

The White King/Lucky Lass Mines site consists of two former uranium mining areas located in 
south-central Oregon, approximately 17 miles northwest of Lakeview (See Figure 1-1). The 
Mines site is in the mountains adjacent to the northern boundary of the Goose Lake Valley 
within the Lakeview Ranger District, Fremont National Forest, Lake County, Oregon. The two 
mines are located near the edge of upland meadows encompassing portions of Augur Creek at 
an elevation of approximately 6,000 feet. The White King Mine is situated on the Fremont 
National Forest, which is managed by the USFS, and also on private lands owned by Fremont 
Lumber Company, and a Trust. The Lucky Lass Mine is situated 1 mile northwest of the White 
King Mine above Tamarack Flat. The EPA National Superfund electronic database 
identification number is 0R7122307658. 

The Mines site is situated in a remote area. The closest pennanent inhabitants to the Mines 
site live near the intersection of FS 8270 and County Road 16B, approximately 12 miles 
southeast of the Mines site. The area around the Mines site is used for recreational purposes, 
including hunting, and snowmobiling. Wood-cutting and cattle grazing also occur in the general 
area of the Mines site. The major features at the White King Mine include a water-filled 
excavation pit covering 13.4 acres (pond), a protore stockpile covering 17 acres, an overburden 
stockpile covering 24 acres, areas where overburden and ore were dumped or spilled during 
the mining operations including haul roads, and Augur Creek which flows adjacent to the two 
White King stockpiles (See Figure 1-2). The stockpiles contain soil and mineralized rock that 
were removed from the mine pit. The major features at the Lucky Lass Mine include a 5 acre 
water-filled excavation pit (pond), a 14 acre overtDurden stockpile, and an adjacent meadow. 

Other features at the Mines site include several collapsed wood frame structures, metal debris, 
gravel.and dirt roads from mining activities, and barbed wire fences currently maintained by the 
Forest Service. Forest Service Road 3780 is the main road in the area and joins paved county 
Road 16B approximately 12 miles to the southeast. There are no stmctures or buildings at the 
Mines site which are on or eligible to be listed on the National Register of Historic Places. 

EPA is the lead regulatory agency for the Mines site and the Forest Service, Oregon Office of 
Energy (OOE) and Oregon Department of Environmental Quality (ODEQ) are the respective 
Federal and state support agencies. 
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SECT! 

SITE HISTORY AND ENFORCEMENT ACTIVITIES 

2.1 HISTORICAL LAMD USE 

Both Mines have had several operators, mineral claims holders, leasers and property owners. 
Mining began at the Mines site in 1955. Initial mining at White King was underground via mine 
shafts developed up to 312 feet below the surface. In 1959 due to problems with infiltration of 
water, underground mining was abandoned for open-pit mining techniques which were used 
until active mining stopped around 1965. Open-pit mining techniques were used from 1956-58 
and from 1961-64. An extensive exploratory drilling program was carried on at both Mines 
through 1979. Since then, little activity has taken place on these claims. Available records 
indicate the White King Mine produced about 138,146 tons of ore and Lucky Lass produced 
about 5,450 tons of ore during their period of operation. A total of 140 acres have been 
disturbed by mining, 120 acres at the White King Mine and 20 acres at the Lucky Lass Mine. 
Disturbance includes stockpiling of ore and overtDurden and creation of the water filled White 
King and Lucky Lass mine pits. . 

2.2 INVESTIGATION HISTORY 

In 1989, the Forest Service began considering action on the mine pits and the stockpiles. In 
August 1991, the Forest Service issued a draft report titled, "Draft Environmental Impact 
Statement Remedial Investigation & Feasibility Study for the Cleanup and Rehabilitation of the 
White King and Lucky Lass Uranium M/nes" (DEIS-RI/FS)," which evaluates proposed 
remediation altematives at the Mines site. This report was revised in 1994 to included 
expanded discussions, more detailed descriptions, and edits for clarification. It identified 
placement of all contaminated soils in an upland engineered disposal cell and backfilling the 
pits with clean material as the preferred cleanup altematives. Upon review of the 1994 
DEIS-RI/FS Report, EPA determined that further investigation and analysis of remedial 
alternatives were needed to support a remedial action decision under CERCLA. 

2.3 ENFORCEMENT HISTORY 

The Mines site was added to the National Priorities List (NPL) in April 1995. EPA is the lead 
regulatory agency for the Mines site and the USFS, .Oregon Office of Energy (OOE), and 
Oregon Department of Environmental Quality (ODEQ) are the respective Federal and State 
support agencies. 

Prior to EPA listing the Mines site on the NPL the USFS was the lead regulatory agency under 
CERCLA. As discussed in Section 1, The White King Mine is located on both National Forest 
System land and private property while the Lucky Lass Mine is located solely on National Forest 
System land. As part of its CERCLA enforcement activities, the USFS performed an 
investigation into the potentially responsible parties (PRPs) at the Mines site, including issuing 
requests for information under CERCLA to various individuals and companies in 1991. 

The USFS and the State of Oregon entered into a Memorandum of Agreement (MOA) 
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regarding the Mines site in April 1994. This MOA was superceded by a revised Agreement 
which included EPA as a party and was signed in October 1994. The revised Agreement called 
for eariy response actions at the Mines site, and the USFS agreed to perform an Engineering 
Evaluation/Cost Analysis (EECA) and an action memorandum for a non-time critical removal 
action at the Mines. The EECA was completed in September 1994 and the removal action was 
completed in 1995. The USFS initiated site security activities and the stabilization of the . 
stockpiles to prevent erosion. These temporary actions, which were continued until 1995, will 
be superceded by remedial actions selected in this ROD. 

Since the Mines site was included on the NPL in 1995, EPA has been the lead regulatory 
agency. In April 1995, EPA entered into an Administrative Order on Consent (AOC) with Kerr-
McGee Corporation, under which KMC agreed to perfomn the RI/FS for the Mines site. The 
administrative order was also signed by the USFS, OOE; and ODEQ as support regulatory 
agencies. In May 1995, a.Memorandum of Understanding was signed between EPA and the 
USFS to facilitate coordination between the hA/o Federal agencies during the RI/FS. KMC 
COMPLETED ALL WORK UNDER THE AOC IN JUNE 2000. 

EPA continues to work in its lead regulatory role at the Mines site. In July and October 2000, 
EPA issued follow-up requests for information under CERCLA to PRPs and expects to 
negotiate cleanup agreements with PRPs after the ROD is issued. 
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SECTION 3 

COMMUNITY PARTICIPATION 

This section summarizes the community relations activities performed by EPA and the USFS 
during the remedy selection process. EPA and the USFS developed a Community Relations 
Plan (CRP) for the Mines site in October 1995. The CRP was designed to promote public 
awareness of cleanup activities and investigations and to promote public involvement in the 
decision-making process. The CRP summarizes the concerns of local citizens, interest groups, 
industries, and local govemment representatives. Community participation activities have 
included personal interviews, and distribution of fact sheets, newspaper notices, and public 
notices. During the RI/FS, the USFS and ODEQ were consulted on the anticipated future land 
uses and potential future ground water uses at the Mines site. 

The RI/FS Report and Proposed Plan for the Mines site were made available to the public in 
September 1999. These documents, along with others that form the basis for the cleanup 
decisions for the Mines site, can be found in the Administrative Record located at the USFS 
Lakeview Ranger District Offices, the EPA Region 10 Superfund Records Center at 1200 Sixth 
Avenue in Seattle, and the Lake County Library at 513 Center Street in Lakeview. Notice of the 
availability of these two documents was published in the Lake County Examiner on September 
29,1999. On September 29, 1999, a fact sheet and a copy of the proposed plan were mailed 
to the 100 individuals on the Mines site mail list. A public comment period was held from 
October 1, 1999 to October 30, 1999. Several extensions to the public comment period were 
requested and granted.until January 10, 2000. A public meeting was held on October 14, 1999 
to present the Proposed Plan. Approximately 18 people attended this meeting. During the 
meeting, representatives from EPA, the USFS, OOE, and ODEQ answered questions about the 
Mines site, the remedial altematives, and the preferred alternative. EPA's response to the 
comments received during this period is included in the Responsiveness Summary, which is 
part of this ROD. 
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SECTION 4 

SCOPE AND ROLE OF RESPONSE ACTION 

The White King/Lucky Lass ROD addresses the soils, ground water, sediment and surface 
water at the Mines site. 

The remedy selected by EPA and documented in this ROD includes remedial actions necessary 
to protect human health and the environment. The risk assessment determined that exposures 
to contaminated soils and ground water pose the greatest risks to human health and the 
environment. The selected remedy is intended to mitigate or abate the risks posed by Mines 
site contamination. While contamination will remain on-site, its potential to adversely impact 
human health and the environment will be mitigated by isolating contaminated soils beneath a 
soil cover. This will reduce or eliminate any continued migration through erosion which could 
impact surface water. The soil cover in combination with institutional controls will prevent future 
human contact with the contaminated soils and the soil cover will reduce potential animal 
exposure to contamination. The institutional controls will prevent future human contact with 
shallow ground water beneath the stockpile. 

The risk assessment also identified risks to human health and the environment from the White 
King pond sediments. The remedy selected in this ROD will restrict access to the pond to 
protect human health and will assess pond sediments to evaluate if action is warranted to 
address the potential ecological risks. Given the uncertainties associated with the potential 
ecological risks, the controls in place to restrict human exposure, and the limited aquatic life 
currently in the pond, sediment cleanup is not warranted at this time. A sediment cleanup 
action, if determined necessary, will be documented in a future ESD or ROD amendment. 
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SECTIONS 

SUfVifVlARY OF SITE CHARACTERISTICS 

This section summarizes information obtained through the RI/FS. it includes a description of 
the conceptual site model on which all investigations, the risk assessment, and response 
actions are based. The major characteristics of the Mines site and the nature and extent of 
contaminant releases are summarized below. More detailed information is contained in the 
RI/FS report, which is located in the Administrative Record for the Mines site. See Section 3 for 
further information on the Administrative Record. 

5.1 CONCEPTUAL SITE I\^ODEL 

The Conceptual Site Models (Human Health and Ecological) are depicted in Figures 5-1 and 5-
2. The primary sources of contamination are the soil stockpiles, surface soil, pond water, and 
pond sediments. The primary release mechanisms are erosion due to wind or water, infiltration, 
and direct contact. Potential human receptors include recreational users of the Mines site, 
workers, and potential future residents. Ecological receptors include a variety of plants and 
animals that are found in the area of the Mines site. 

5.2 PHYSICAL CHARACTERISTICS OF THE SITE 

5.2.1 Surface Features 

The White King/Lucky Lass Mines site is situated in a mountain physiographic setting that 
forms the northern boundary of Goose Lake Valley. Elevations at the Mines site range from 
5,930 to 6,200 feet above mean sea level, with the nearby basalt ridge reaching 6,500 feet 
above mean sea level. The White King Mine is located west of the northwest-trending Augur 
Creek; the Lucky Lass mine is located approximately one mile northwest and upgradient of the 
White King Mine. The Lucky Lass area drains to the Augur Creek valley, intercepting Augur 
Creek upstream from the White King Mine. The White King Mine also drains to the Augur Creek 
Valley and Augur Creek. 

5.2.1.1 White King Mine . 

The major surface features at the White King Mine include a 13.4 acre water-filled excavation 
pit (White King pond), a 85-foot-high wall at the west end of the White King pond, adjacent 
protore and overiDurden stockpiles, and smaller areas including haulYoads where overburden 
and ore were dumped or spilled during the mining operations. These features encompass an 
area of approximately 66 acres. 

The White King pond has a teardrop shape, formed from past mining operations. The narrow 
part of the teardrop was the haul road used to bring material up from the open pit during mining 
operation. For further information on the water hydrology of the White King pond see Section 
5.2.3.2. 
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The two White King stockpiles were created during mining operations when the former pit (now 
pond) was being excavated. The protore stockpile covers approximately 17 acres and ranges 
in thickness from 8 to 27 feet. This stockpile consists of gravel, silt and low permeable layers of 
clay with a thin layer of gravel at the surface. The protore stockpile contains approximately 
542,000 cubic yards of material. 

The overburden pile covers approximately 24 acres and ranges in thickness from 7 to 33 feet. 
Studies on the overburden stockpile indicate that it consists of gravel near the surface with sand 
and clay material below. The overall nature of the majority of the overburden stockpile is clay­
like. The overburden stockpile contains approximately 408,000 cubic yards of material. 

A grassy meadow and wetlands separates the two piles. In addition, meadows with wetlands 
are located just south of the overburden pile and just north of the protore pile. Augur Creek, 
originating in a spring several miles north of the White King Mine, flows to the southeast along 
the eastem edge of the piles. 

5.2.1.2 Lucky Lass Mine 

The Lucky Lass Mine also includes a water-filled excavation mine pit (Lucky Lass pond) and 
includes an approximate 90-foot-high wall at the south end of the pond, and an adjacent 
overburden stockpile to the west, east, and north. These features encompass an area of 
approximately 20 acres. The pond has a teardrop shape similar to the White King pond and is 
approximately 70 feet deep. For further information on the water hydrology of the Lucky Lass 
pond, see Section 5.2.3.3. The stockpile rises from about 10 to 40 feet above the natural 
ground surface with slopes on the edges down to the meadow and Lucky Lass pond. Local 
relief on the stockpile is about 20 feet. East of the overburden stockpile is a flat grassy 
meadow containing wetlands. Pond drainage flows into these wetlands. The road network in 
the area includes a Forest Service road entrance to the stockpile area from the south, and a 
primitive road entering the meadow from the east, trending north around the mine. 

5.2.2 Climate 

Since no meteorological data are available for the Mines site, the following discussion is based 
on conditions observed in Lakeview. Lakeview is located in the semiarid to sub-humid high 
desert country of the Goose Lake Valley. Overall, this region is characterized by moderate 
winds (less than 25 mph), cold winters, warm summers, and light precipitation. In Lake County, 
annual precipitation generally averages from 8 to 10 inches in lower basins, 12 to 16 inches in 
mountain valleys, and 16 to 25 inches in the forested uplands. The Mines site would be 
characterized as forested uplands. December and January are the wettest months, with an 
average precipitation of 2.33 and 2.52 inches respectively. Snov\/falL accumulation ranges from 
20 inches per year in Lakeview to 70 inches per year in the mountains. Snow at the Mines site 
generally begins to accumulate on the ground in November and may persist until April or May. 

5.2.3 Surface Water Hydrology 

5.2.3.1 Augur Creek 

Augur Creek serves as the major surface drainage in the vicinity of the White King/Lucky Lass 
Mines site. Figure 5=3 depicts the Augur Creek watershed at and above the White King Mine. 
From its headwaters about 3 miles upstream from the White King Mine, Augur Creek is 
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generally confined to a narrow channel. In the vicinity of the White King Mine, the character of 
the stream changes as the topography flattens. Before mining activities. Augur Creek may 
have branched into several small channels within the Augur Creek meadow. During the eariy 
stages of mining operations, a one-half mile section of Augur Creek near the White King Mine 
was relocated several hundred feet east to its present day location. Earthen dikes were 
constructed to maintain this new stream channel. Downstream of the overburden stockpile, 
Augur Creek generally regains its pre-mining character. Augur Creek st.ream flow is seasonal 
with the higher flows experienced during the spring snowmelt and gradually declining through 
the summer into fall. Flow rates measured near the Mines site during the Rl range from a low 
of 140 gallons per minute (gpm) in October to 3,100 gpm during a June rain event. Figure 5-4 
depicts the modeled location of the 500-year Augur Creek floodplain in the absence of the 
protore and overburden stockpiles. 

5.2.3.2 White King Mine Water Filled Excavation Pit fPond^ 

The White King pond was created when surface mining extended below the water table. A 
significant amount of ground water flowed through fractures in the volcanic tuffs into the 
underground wori<ings of the mine. In 1978 Western Nuclear dewatered the pond as part of 
their exploration program. During this dewatering effort the inflow rate was estimated at 200 to 
240 gallons per minute. The pond covers an area of approximately 13.4 acres and contains 
approximately 90 million gallons of water. The deepest part of the pond is approximately 70 
feet. The White King pond is fed by surface seeps and springs, and shallow bedrock ground 
water. The water quality of the White King pond has historically been characterized by a pH in 
the range of 3 to 4.5, particulariy at depth. The low pH is caused by acid generation during 
oxidation of sulfide minerals exposed in the pond bottoms, walls, and underground mine 
workings. The pond discharges to a drainage ditch which runs parallel to the overburden 
stockpile and eventually reaches Augur Creek. Sampling conducted in the pond during the Rl 
suggested that there was no apparent thermal stratification. However, post Rl pond sampling 
indicates thermal stratification during the summer. This stratification results in a pocket of low 
pH water in the deepest part of the pond. Section 9.3.2 describes the actions taken to. 
neutralize this acidity during 1998 and 1999. 

5.2.3.3 Lucky Lass Mine Pond 

Lucky Lass pond covers approximately 5 acres and was also created when mining activities 
extended below the water table. The pond is bounded on the east, west and south sides by a 
steep highwall of exposed rock. The volume of water in the pond is estimated to be about 5 
million gallons. The pond has a continuous discharge that flows from the north end of the pond 
into the Lucky Lass meadow. The Lucky Lass pond typically has a pronounced thermocline 
and neutral pH. No remedial action is being taken on the Lucky Lass pond. 

5.2.4 Geology 

The Mines site is located within the northwest terminus of the Basin and Range province. This 
area is characterized by north-trending fault-block mountains and basins of internal drainage. 
Geologic units in the region are characterized by a thick sequence of volcanic flows and 
volcaniclastic rocks which have been extensively faulted and fractured. Seven geologic units 
were identified in the surface and subsurface of the White King Mine. They are, from oldest to 
youngest: older volcaniclastic rocks, riiyolite intmsive and associated tuff breccia, younger and 
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older basaltic flows, younger volcaniclastic rocks and pyroclastics, alluvium, and stockpile. 
Three geological units were identified in the vicinity of the Lucky Lass Mine. They are from 
oldest to youngest: volcaniclastic rocks, alluvium and stockpile. 

The Lakeview Uranium District includes an area extending 22 miles to the north of Oregon 
Highway 140 and 17 miles west of Lakeview. This 400-square miles area is host to about 20 
uranium occurrences, prospects and past-producing mines. Since the mid-1950s, uranium 
mineralization has been prospected for and found scattered throughout the district. As 
discussed in the Rl report, numerous uranium-arsenic occurrences and prospects are 
concentrated within a 50-square-mile section of the Lakeview Mining District. The result of this 
natural phenomenon is that the entire 50-square-mile area has relatively high geochemical 
background values in these and other metallic elements relative to the surrounding region. 
Arsenic levels have been identified up to 1,570 mg/kg and radium-226 at levels up to 9.9 pCi/g 
in White King meadow soils. These vaiues likely represent the upper end of naturally occurring 
soil background, based upon information collected during the Rl, but were not incorporated into 
EPA's background calculations for reasons discussed in Section 5.3.1.2. 

The major soils in the vicinity of the Mines site are alluvial soils (fomned from unconsolidated, 
detrital sediments) and soils formed from basalt or tuff parent materials, which are generally 
found on the valley side slopes. The soil that has been most impacted at the Mines site is the 
alluvial soil associated with Augur Creek fluvial deposits. 

5.2.5 Hydrogeology 

Ground water flow in the vicinity of the Mines site is primarily controlled by the local.and 
regional topography and geology. The geologic units beneath the Mines site are subdivided into 
four hydrogeological units: pile or perched, alluvial, shallow bedrock, and deep bedt-ock. The 
protore and overburden piles are mineralized with uranium-and metal-bearing sulfide minerals. 
Perched ground water in the stockpiles is mounded on top of the underiying alluvial unit. 
Recharge to the stockpile unit is primarily from precipitation and infiltration is primarily 
downward into the underiying alluvial unit or horizontal out the sides of the stockpiles. The 
stockpiles are hydraulically connected to the underiying alluvial unit. The mean hydraulic 
conductivity for the White King stockpile is approximately 4.5 feet per day. 

The alluvial unit is recharged directly by precipitation, seeps, and springs from bedrock and 
locally by Augur Creek. Ground water is lost from the alluvial unit by recharge to Augur Creek 
and shallow bedrock, and by evapotranspiration. Ground water in the alluvial unit is 
unconfined. During the spring and eariy summer months, the alluvial unit can be.completely 
saturated with water. The mean hydraulic conductivity pf the White King alluvium is 
approximately 1.3 feet per day. The water table in the alluvial unit re'flects the,local topography, 
with ground water flowing down the valley. 

The shallow bedrock unit extends from the ground surface to a depth of 100 feet bgs except 
where it is overiain by the alluvial unit. Ground water flow in this unit occurs as fracture fiow. 
This unit is recharged by precipitation and the overiying alluvium where present. Ground water 
in the shallow bedrock unit is unconfined. The mean hydraulic conductivity for the shallow 
bedrock at the White King mine is approximately 4.8 feet per day. The depth to water in the 
shallow bedrock in the valleys tends to be shallow (<10 feet), whereas beneath the ridges it 
can be relatively deep (>50 feet). 
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The deep bedrock unit is 100 feet or greater below the ground surface. Ground water flow and 
storage in the deep bedrock unit occurs in fractures. The deep bedrock unit is hydraulically 
connected to shallow bedrock. Deep ground water probably occurs under semlconfined to 
confined conditions. The mean hydraulic conductivity of the deep bedrock is approximately 3.6 
feet per day at the White King mine. 

5.2.6 Natural Resources 

The forested area surrounding the Mines site is characterized by mixed-conifer forest 
dominated by ponderosa pine and white fir, with additional alpine species such as aspen and 
lodgepole pine. The dominant herbaceous community within the wetlands consists of a 
combination of hairgrass-sedge moist meadows, sedge-wet meadows, and low 
sagebrush/bluegrass meadows. The meadow areas downgradient of the Mines site (both 
Lucky Lass and White King Mines) meet the requi.rements as wetlands based upon the 1987 
Corps of Engineers Wetlands Delineation Manual. However, the exact boundaries of these 
wetlands have not been field-determined. 

The aquatic habitats at the Mines include the White King pond. Lucky Lass pond, the outflow 
from these ponds, and Augur Creek. Although the historically low pH of the White King Mine 
pond, due to mining operations, has prevented the development of extensive aquatic life in the 
pond, the edges of the pond and the surrounding wetland areas contain a variety of aquatic 
organisms. Aquatic invertebrates (e.g., giant water bugs, ologochaete worms, stoneflies, true 
fly lan/ae) and frogs and toads have been identified in all aquatic and wetland habitats. Two 
species of fish, the redband trout and pit-klamath brook lamprey, have been identified Z miles 
downstream of the Mines site and historically had been found in Augur Creek near the Mines 
site^ According to a USFS report (1991b - See references at the end of Section 7.2) a natural 
400 foot drop-off downstream of the Mines site prevents migration of fish upstream. This report 
also identifies several non-mining related impacts (i.e., over-grazing, timber harvesting, road 
construction/maintenance) which make it unlikely that a cold-water fish population (i.e., 
salmonids) could live in the creek in the vicinity of the Mines site under current conditions. Also 
see Section 7.2.1 Risk Assessment - Ecological Setting- which further describes the ecological 
habitat at the Mines.site. 

5.3 SUMMARY OF REfl/lEDIAL INVESTIGATION ACTIVITIES 

5.3.1 Nature and Extent of Contaminants 

As part of the Rl, field investigations were conducted from eariy June to eariy November 1995 
and from June to October 1996. Soil, air, ground water, sediment, and surface water samples 
were collected in areas upgradient of the Mines site, on and adjacent to the Mines site, and 
downgradient of the Mines site. Two and three rounds of data were collected in 1995 of ground 
water and surface water, and additional surface water and ground water samiples fromi selected 
locations in 1996. (Also see Section 9.3.2 for a discussion of post-RI sampling at the White 

^ On October 4, 1966 representatives ofthe Oregon Stale Board of Health observed over 40 dead tiout in 
Augur Creek downstream of the Mine. An-alysis of lhe discharge from the While King Mine pond showed a pH level 
of 3.4 and several metallic ions in sufficient concentrations to be lethally toxic when associated with the low pH. 
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King pond.) In addition to this information, data obtained prior to the Rl by the U.S. Forest 
Service was also used in development of the Rl report. The nature and extent of soil, ground 
water, surface water, and sediment contamination is summarized below and discussed in detail 
in the Rl report. The following discussion focuses on the primary constituents of concern at the 
Mines site. 

5.3.1.1 Air 

Two types of Rl air monitpring were conducted at the Mines site. The first type was daily 
ambient air monitoring with a particulate monitor to ensure the safety of the field crew. The 
second type was a long-term (3-month) monitoring event for ambient radon activities. Action 
levels for particulates were derived from health risk factors for arsenic, an identified inorganic 
constituent at the Mines site. Radon levels were compared to the household advisory level of 4 
pCi/L. The results indicated that both particulates and radon levels were below action or 
guidance levels and similar to locations upgradient ofthe stockpiles. 

5.3.1.2 Soils 

Several reports have shown that naturally occurring elevated concentrations of arsenic and 
radium-226 are present in alluvial soils in and around the Mines site. During the Rl, several 
different approaches were used to take this fact into consideration and account for the naturally 
elevated "background" concentrations found in the vicinity of Mine site. EPA selected 
preliminary local soil background levels using a 95th percent upper tolerance level of samples 
that were not adjacent to or under the stockpiles because these samples could have been 
impacted from mining activities. EPA selected local soil background levels of 6.8 pCi/g radium-
226 and 442 mg/kg for arsenic at the White King mine. Local soil background levels also were 
calculated for the Lucky Lass mine because of different geochemical characteristics of the ore 
body. The Lucky Lass values for radium-226 and arsenic are 3.6 pCi/kg and 5.4 mg/kg, 
respectively. Local background was adopted as a Preliminary Remediation Goal (PRG) at both 
mines except for arsenic at the Lucky Lass mine where the PRG is the arsenic soil standard of 
38 mg/kg. These values may need to be re-evaluated during remedial action as more 
information is collected on background levels underneath or adjacent to the stockpiles. 

As part of the Rl, individual constituents were evaluated during a preliminary screening to 
identify primary and secondary constituents of concern in soils and overburden materials. The 
screening process consisted of comparing the 90 percent upper confidence limit (UCL) 
concentrations of the detected constituents for various areas of the Mines site to the most 
stringent available regulatory standard or 5 times the background value if no standard existed. 
If the 90% UCL concentration was greater than the standard or 5 times the background value, 
the constituent was selected for evaluation as a contaminant of concern. Tables 5-1 through 
5-8 compare the stockpile materials to standards (if available) or background (native soil near 
or below the stockpiles and local background) for the various m.edia at the Mines site. (EPA soil 
screening levels were not used because the Mines site is located in a naturally mineralized 
•area, for which the EPA standards do not account). As a result of this process, 8 constituents 
were selected for detailed evaluation at the White King Mine: antimony, arsenic, mercury, 
thallium, uranium-234,. uranium-238, radium-226, and thorium-230. Arsenic and Radium-226 
were evaluated at the Lucky Lass Mine. Tabie 5-1 compares the White King stockpile surface 
and subsurface soils to background and standards and Table 5-2 provides this comparison for 
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Lucky Lass stockpile soil. 

White King Protore Stockpile 

The average concentration profiles for arsenic and radium-226 in the White King protore 
stockpile are presented in Table 5-3. Elevated concentrations of arsenic correlated closely 
with activities of uranium-238 and radium-226. The highest concentration of arsenic in the 
surface soil was 4,140 mg/kg. The highest concentration in surface soil adjacent to the protore 
stockpile was 895 mg/kg. The highest concentration of arsenic in the subsurface soil in the 
stockpile was 13,794 mg/kg at a depth of 6 feet. For radiu.m-226 the highest activity in surface 
soil (collected at 2.5 feet) was 64.6 pCi/g and subsurface soil was 87 pCi/g at approximately 8 
feet below the surface. 

White King Overburden Stockpile 

The average concentration profiles for arsenic in the White King overtDurden stockpile are also 
presented in Table 5-3. Elevated concentrations of arsenic correlated with elevated activities of 
uranium-238 and radium-226. The highest concentrafion of arsenic in the overburden stockpile 
surface soil was 769 mg/kg. The highest concentration in surface soil adjacent to the stockpile 
was 822 mg/kg. The highest concentration of arsenic in the subsurface soil within the stockpile 
was 11,700 mg/kg at a depth of 2.5 feet. The average concentration of arsenic was the 
greatest in the 2.5 to 5 ft. interval. For radium-226 the highest activity in surface soil (collected 
at 2.5 feet) was 291 pCi/g. The highest activity in the subsurface was 166 pCi/g collected at 
approximately 15 feet below the surface. 

Lucky Lass Overburden Stockpile 

Average concentration profiles for arsenic are presented in Table 5-3. The concentration of 
arsenic at the Lucky Lass Mine is consistently lower than.that found at the White King Mine. 
The highest concentration of arsenic in the surface soil was 11.9 mg/kg and the highest 
concentration in the subsurface soil within the stockpile was 7.6 mg/kg at a depth of 7.5 feet. 
The highest concentration of arsenic in the native soil below the overburden stockpile was 17.7 
mg/kg at a depth of 3 feet below the stockpile-native soil interface. The highest concentration 
of arsenic in the surface soil immediately adjacent to the overtDurden stockpile was 15.0 mg/kg 
indicating possible erosion of the stockpile material. For radium-226 the highest activity in 
surface soil was 4.85 pCi/g. The highest activity in subsurface soils was 8.3 pCi/g at a depth of 
approximately 20 feet beiow the surface. The highest activity of radium-226 in the surface soil 
adjacent and nearby the overburden stockpiles was 72.4 pCi/g in the Lucky Lass meadow. 

Off-Stockpile Areas -

The focus of the Rl sampling was on the stockpiles and adjacent "off-pile" areas. There are 
also other smaller areas where overburden or ore was spilled or dumped during mining 
operations including haul roads. These areas were characterized with radiation surveys as part 
of the DEIS-RI/FS. The radiation surveys were designed to map out the areas and depths of 
greatest radioactive contamination outside the waste piles. The results of these surveys are 
illustrated in Figures 11-5 and 11-6 which show a number of areas that potentially exceed 
cleanup levels. 
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In summany, arsenic and the radionuclides in the uranium series are the constituents of concern 
in soils based on their frequency and magnitude of detection. Average arsenic concentrations 
and radionuclide activities in the White King protore and overburden stockpiles are similar. 
Arsenic concentrations and radionuclide activities in the Lucky Lass stockpile were significantly 
less than the White King stockpiles. 

The highest activity/concentrations of radionuclides and inorganics are found in the stockpiles. 
Ground water and subsurface soil sampling data indicate that limited migration has occurred 
into the soils below the stockpiles. Radionuclide and inorganic activity/concentrations are 
significantly less in the Lucky Lass stockpile as compared to the White King stockpiles. 

5.3.1.3 Surface Water 

.Augur Creek 

During the course of the Rl, surface water samples were collected from various locations along 
Augur Creek. All surface water samples were analyzed for dissolved and tota! metals, as well 
as several radium, thorium, and uranium isotopes. Surface water samples were collected from 
White King and Lucky Lass ponds during 1995-1996. 

Table 5-4 provides a comparison of the Augur Creek, Seep, and Drainage Channel Surface 
Water to background and freshwater chronic EPA Ambient Water Quality Criteria (AWQC). 
Total arsenic was detected in three of the six surface water sampling stations on Augur Creek. 
The highest concentration of total arsenic measured in Augur Creek was 41.8pg/L during an 
August sampling event. None of the detected total arsenic concentration exceeded the AWQC 
screening criteria of 190 pg/L. No concentrations of total arsenic were detected in surface 
water from the Lucky Lass drainage channel. 

Uranium -234/238 was detected in all samples collected from adjacent and downgradient 
stations of Augur Creek. The highest Rl uranium-234/238 activity measured was 22.5 pCi/L. 
The highest activity at the farthest downstream sampling location (AC-06) was 6.09 pCi/L. 
There is no regulatory standard for uranium-234/238 in surface water; however, there is a 
combined ground water standard (MCL) for uranium-234/238, which is 30 pCi/L. This standard 
is based upon use of ground water for drinking by humans. None of the surface water samples 
exceed this ground water standard. 

White King and Lucky Lass Ponds 

Table 5-5 summarizes the White King and Lucky Lass surface water data and compares it to 
AWQC. Total arsenic detected in the Mine ponds surface water ranged from 13.9 to 128 pg/L 
at White King and 9.7 to 17.5pg/L at Lucky Lass. None of these concentrations exceeded the 
freshwater chronic AWQC established for this constituent (190 ug/L). 

Uranium-234/238 was detected during all rounds of Rl surface water sampling in the White 
King pond and ranged from 10.82 to 15.69 pCi/L. Uranium-234/238 also was detected in 
samples at the Lucky Lass pond. The highest activity detected was 0.83 pCi/L. None of these 
values exceeded the combined ground water MCL for uranium-234/238 of 30 pCi/L. 

Total zinc was detected during.all rounds of surface water sampling in the White King pond and 
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ranged from 121 to 157 pg/L. Total zinc concentrations measured in all samples slightly 
exceeded the freshwater chronic AWQC of 110pg/L. 

The White King pond pH has historically ranged from 3 to 4.5 due to acid generation during 
oxidation of sulfide minerals exposed in the pond bottom, walls, and underground mine 
workings. The Lucky Lass pond pH values range from 7 to 7.5. Natural surface waters 
typically have a pH of 7.0. The state water quality standard for the Goose Lake Basin is a pH 
range of 7-9. 

5.3.1.4 Sediments 

Augur Creek and Lucky Lass Drainage 

Table 5-6 summarizes the Augur Creek and drainage channel sediment data and compares it 
to background (when no water quality criteria exists) and Ontario Ministry of the Environment 
(OME) Guidelines for the Protection and Management of Aquatic Sediment Quality in Ontario 
(Persaud et al., 1993) Lowest Effect Level Canadian guidelines were used as invertebrate 
effect criteria because of the absence of readily available U.S. criteria for freshwater sediments. 
Arsenic was detected in five of the six sediment samples collected from the upgradient Augur 
Creek stations and ranged from 1.9 to 4.2 mg/kg, below the OME guidelines for arsenic 
(6mg/kg). Sediment samples collected adjacent to the stockpiles and downgradient detected 
arsenic at concentrations exceeding the screening guidelines. Samples collected adjacent to 
the Mines site show an increase in arsenic concentrations (25.4 and 159 mg/kg). 
Concentrations in Auger Creek declined with distance from the Mines site. Concentrations of 
arsenic in the Lucky Lass drainage channel (6.5 mg/kg) were.only slightly above background 
and the screening criterion of 6 mg/kg. 

Other constituents that were either above background or the screening standard were 
manganese, Uranium-234 and -238. 

White King and Lucky Lass Ponds 

Table 5-7 provides a summary of the White King and Lucky Lass pond sediment data and 
compares it to the OME guidelines. Arsenic was detected in all sediment samples collected . 
from the White King pond. Concentrations ranged from 196 mg/kg to 55,600 mg/kg which 
exceed the Ontario Ministry screening criteria of 6 mg/kg. Arsenic concentrations in the Lucky 
Lass pond were much lower and ranged from 0.68 to 6.7 mg/kg, which is only slightly above the 
screening standard. 

Radium-226 was detected in all sediment samples collected from the White King pond. 
Radium-226 ranged from 1.39 to 115 pCi/g. At Lucky Lass pond, the activity ranged from 4.55 
to 18.3 pCi/g. Sediment quality criteria are not available for radionuclides and there were no 
sediment chemistry data from a background pond for comparison. 

Other constituents detected above background or a screening standard were iron, lead, 
manganese, mercury, and nickel. 
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5.3.1.5 Ground water 

Individual ground water sample results were compared to ground water maximum contaminant 
limits (MCLs) or to a screening concentration based on five-times background concentrations . 
when no MCL existed. MCLs are appropriate for water that will be used for drinking. In the 
case of radium and uranium, these values were compared to the Uranium Mill Tailings 
Radiation Control Act of 1978 (UMTRCA) ground water standard which is also based on use of 
the water for drinking since no MCL existed for uranium at the time of the Rl. In December 
2000 an MCL for uranium was finalized at 30 pg/L. As a result of this process, arsenic and 
three radionuclides were identified as primary constituents of concern based on their likelihood 
of detection at the Mines site. Table 5-8 provides a comparison of stockpile and off-stockpile 
ground water results to MCLs and background. The following conclusions are based on the 
ground water data: 

» Radionuclide and inorganic ground water concentrations were highest in samples 
from monitoring wells in the perched water in the stockpiles and significantly lower in 
monitoring wells completed off pile and below the stockpiles. There was one 
exception to this trend in one shallow bedrock well located immediately below the 
White King protore stockpile which had a uranium concentration of 75 pCi/L which is 
above the UMTRA standard and 3 orders of magnitude greater than a bedrock well 
at the overburden stockpile. 

• The pH values in all bedrock wells were within the typical ground water pH range 
while the stockpile (or perched water wells) were significantly lower. 

• There were no exceedances of the MCL for uranium-234/238 in the off-pile alluvial, 
shallow bedrock, or deep bedrock wells, including the wells downgradient of the 
stockpiles. 

• There were no exceedances of the MCL for radium-226/228 in the stockpile, alluvial, 
and deep bedrock wells. There were two exceedances (5.03 and 15.37 pCi/L) of the 
standard (5 pCi/L) in the shallow bedrock wells. 

• Radon concentrations are elevated and exceed the proposed MCL at neariy all 
locations, including background wells and deep bedrock wells. This is a result of 
naturally occurring uranium mineralization in the area. 

° Ground water concentrations in the vicinity of the White King Mine are slightly higher 

than ground water concentrations in the vicinity'of the Lucky Lass Mine. 

The following provides a more detailed discussion on the primary Chemicals of Concern: 

Arsenic 
Arsenic concentrations in the protore stockpile wells ranged from 24.4 to 164 pg/L. Arsenic 
concentrations in the shallow bedrock well below the protore stockpile ranged from 19,100 to 
21,900 pg/L. Arsenic concentrations in the overburden stockpile wells ranged from 392 to 
36,500 pg/L. Arsenic concentrations in the shallow bedrock wells below the overburden 
stockpile were much lower, ranging from 10.6 to 486 pg/L. The highest concentrations in deep 
bedrock ground water samples at White King ranged from 10.8 to 37.6 pg/L. 
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At Lucky Lass, shallow downgradient bedrock wells ranged from non-detect for arsenic to 3.1 
pg/L. Deep bedrock wells at Lucky Lass ranged from 9.7 to 19 pg/L. The ground water 
standard for arsenic is 50 pg/L. 

Uranium-234/238 

At White King, the highest combined uranium-234/238 activities were detected in mounded 
ground water samples collected in the protore stockpile and ranged from 27,300 and 43,600 
pCi/L, which is greater than the UMTRCA ground water protection standard of 30 pCi/L. 
Activities in the overiDurden stockpile were much less and ranged from 0.5 to 17.8 pCi/L. There 
were no exceedances of the combined ground water guidance for uranium 234/uranium-238 in 
the off-pile alluvial, shallow bedrock, or deep bedrock wells, including the wells downgradient of 
the stockpiles. 

Of the five shallow wells at Lucky Lass, uranium-234/238 was only detected in one 
downgradient well at activities of 4.16 and 4.22 pCi/L. The ground water standard for uranium 
is30pCi/L. 

Radium-226, Radium 228 

At White King there were no exceedances of the combined ground water guidance value for 
radium-226/radium-228 in the stockpile, alluvial, and deep bedrock wells. There were two 
exceedances (5.03 and 15.37 pCi/L) of this standard (5 pCi/L) in the shallow bedrock wells. 

At Lucky Lass, shallow bedrock well concentrations ranged from 1.28 to 5.03 pCi/L which are 
less than or at the 5 pCi/L standard. 

Radon 

The proposed Drinking Water Standard for radon in ground water is 300 pCi/L. At White King 
the highest radon concentrations observed in samples were collected from the mounded 
ground water in the protore and overburden stockpiles and ranged from 4,190 and 1,800 pCi/L, 
respectively. Radon activities were much greater in the shallow bedrock wells located beneath 
the stockpiles and ranged from a maximum of 21,300 pCi/L at the protore stockpile to a 
maximum of 678 pCi/L at the overburden stockpile. Activities upgradient and downgradient of 
the stockpiles were lower and ranged from 441 to 551 pCi/L indicating this level pf radon is 
naturally present in the aquifer. At Lucky Lass shallow downgradient wells had radon activities 
ranging from 283 to 556 pCi/L. 

5.3.2 Fate and Transport 

As part of the Rl, geochemical speciation modeling was performed to determine metal species 
most likely present in ground water and to evaluate potential changes in speciation with ground 
water transport. The modeling, which applied site-specific conditions, indicated that constituent 
movement through the ground water is slow. Many of the constituent species exist in relatively 
insoluble forms and there is evidence of significant attenuation with the subsurface materials. 
In the case of uranium, the results indicate that it is strongly adsorbed by aquifer material and is 
removed from ground water as it migrates downgradient. The general trend observed for 
arsenic mirrors that of uranium with higher concentrations of arsenic detected within the White 
King stockpiles and rapid attenuation beneath and downgradient of the stockpiles. Results of 
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the sampling efforts confinn the geochemical modeling conclusions. Other conclusions from 
the modeling indicate that there is no co-located low pH acidic ground water at the Mines site 
indicating that either neutralization or acid buffering is occurring in the ground water. In 
addition, no corresponding radionuclide or inorganic plumes (as illustrated by uranium-238 
activity and arsenic concentrations) were detected suggesting that metals are strongly 
adsorbed or retarded by aquifer solids. 

Other transport pathways are movement of solid mineral matter from the high wall above the 
White King pond and from the stockpiles via erosion and surface water transport of suspended 
particulates. Any material which is eroded in the area of the high wall would be deposited in the 
sediment at the bottom of the White King pond. Erosion and surface water runoff from the 
stockpiles during storm events may transport suspended solids containing metals of concern 
downgradient. Arsenic and uranium have been the only COCs detected with any regularity in 
Augur Creek downgradient of the f\/iines site. 
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SECTIONS 

CURRENT AND POTENTIAL FUTURE LAND AND RESOURCE USES 

This section discusses the current and reasonably anticipated future land uses and current and 
potential beneficial ground water uses at the Mines site, and discusses the basis for future use 
assumptions. This information forms the basis for reasonable exposure assessment 
assumptions and risk characterization conclusions in Section 7. 

6.1 LAND USES 

The Mines site and surrounding area is currently uninhabited. A Forest Sen/ice key is required 
to gain vehicle access to'the Mines site. The nearest city is Lakeview, located 17 miles to the 
southeast. Lakeview has a population of 2,785 and is the county seat and urban center of 
Lake County. The closest permanent residents to the Mines site live near the intersection of 
.FS3780 and County Road 16B, approximately 12 miles southeast of the Mines site. Primitive 
campsites exist in Fremont National Forest in the general vicinity of the Mines site, with many 
used as hunting camps in the fall. Wood cutting and cattle grazing also occur in the general 
area of the Mines site. 

Figure 6-1 shows the property boundaries of private and public land ownership at the White 
King Mine area. Lucky Lass Mine is located entirely on National Forest System lands. The 
boundaries of the priyately-owned property are: 

Parcel 1, S1/2NE1/4, Section 30, T.37S., R.19E., W.M. This parcel is currently owned 
by the Coppin Tmst (surface estate) and members of the Leehmann and Coppin 
families (mineral estate) 

Parcel 2, NW1/4SW1/4, Section 29 and NE1/4SE1/4, Section 30, T.37S., R.19E., W.M. 
This parcel is currently owned by Fremont Lumber Company (surface estate) and 
members of the Leehmann and Coppin families (mineral estate) 

The intended future use of the Mines site and the immediate vicinity is for commercial production of 
timber and forage for domestic livestock as described in the current Forest Management Plan. 
Future on-site human receptors might include timber wort<ers, USFS personnel, recreational users, 
and trespassers. 

6.2 GROUND AND SURFACE WATER USES 

The ground water associated with the Mines site is not currently used, nor will it likely be used for 
any purpose in the future due to the remote location of the Mines site and the limited quantity and 
quality of water in the shallower zones. The reasonable likely future use of ground water in the 
vicinity of the Mines site is for discharge to surface water. Surface water in this area is cun'ently used 
by livestock and wildlife. 

Water quality in the White King pond. Lucky Lass pond, and Augur Creek are required to meet the 
standards and beneficial uses under OAR 340-41 for the Goose Lake basin. The potential 
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beneficial use for these areas is for aquatic life, livestock, and recreation. The remedy also 
incorporates the objective of protecting the reasonable likely future beneficial uses as defined under 
ORS 465.315 and the corresponding mle OAR 340-122-090 and -115. At the White King pond the 
potential future beneficial use is for aquatic life. Livestock watering and recreation are also 
reasonably likely, but will be restricted as part of the remedy. 
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SECTION? • 

SUR/IMARY OF SITE RISKS 

Human health and ecological risk assessments were conducted to evaluate the potential for current 
and future impacts of Site-related contaminants on receptors inhabiting or visiting the White 
King/Lucky Lass Mines site. These evaluations are discussed in detail in Volume V of the RI/FS 
which is located in the Administrative Record for the Mines site. The baseline risk assessment 
estimates what risks the Mines site poses if no action was taken. It provides the basis for taking 
action and identifies the contaminants and exposure pathways that need to be addressed by the 
remedial action. This section of the ROD summarizes the results of the baseline risk assessment 
for the Mines site. 

7.1 HUMAN HEALTH RISK ASSESSMENT 

7.1.1 Identification of Chemicals of Concern 

Contaminants evaluated in the human health risk assessment include those chemicals that 
exceeded background levels representative of unmineralized areas, exceeded EPA risk-based 
screening concentrations (Region III risk based screening concentrations dated October 4, 1995), 
and were not "essential nutrients" for humans. Based on this evaluation, chemicals of potential 
concem (COPCs) identified for human and ecological receptors include inorganic constituents and 
certain uranium and thorium series radionuclides. Based on the findings of the human health risk 
assessment this list was narrowed down to Arsenic and Radium-226 as the primary chemicals of 
concem (COC). 

7.1.2 Conceptual Site Model 

The media, exposure pathways, and receptors considered in the risk assessment are identified in 
the human health conceptual model presented in Figure 5-1. The receptors chosen for evaluation 
are based on knowledge of current and projected future use scenarios for the Mines site. The 
media chosen for consideration are those potentially impacted by historical mining activities for 
which there is a potential for human exposure. Some of the pathways were excluded from 
quantitative evaluation based on qualitative and/or quantitative reasoning. A description of the 
receptors chosen for evaluation is presented below in Section 7.1.3. 

7.1.3 Exposure Assessment 

The objectives of the exposure assessment are to identify potential exposure scenarios by which 
contaminants of concem in Mines site media could contact humans and to quantify the intensity and 
extent of that exposure. 

The intended future use of the Mines site and the immediate vicinity is for commercial production of 
timber, recreation, and forage for domestic livestock. Future on-site human receptors might include 
timber wori<ers, USFS personnel, recreational users, and trespassers. There is no current 
residential use at the Mines site and the likelihood that the area would be used for residential use in 
the near future is small given the current land ownership and remote location of the Mines site. 
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However, because of the long-lived radionuclides (decay rate from days to 1000s of years) at the 
Mines site, the baseline risk assessment evaluated potential risk under a residential use scenario 
which includes wori<ers, recreational users (also used to represent potential exposure to a 
trespasser), and residents. A complete summary of all the scenarios and pathways considered in 
the risk assessment are set forth in the baseline risk assessment report which is located in the 
Administrative Record for the Mines site. 

7.1.3.1 Receptors Evaluated in the Risk Assessment 

Site Worker 

A wori<er would potentially be exposed to site-related COCs through contact with surface and 
subsurface stockpile material, surface and subsurface soil, surface water and sediment in Augur 
Creek, ponded, water and sediment in the mine pits, and airtDome dust and vapors. It is assu.med 
that exposure to subsurface soil could occur in the future if wori<ers engaged in intrusive activities. 

Although listed as possible routes of exposure, exposure pathways for mine pit water and sediment 
were not evaluated. It vyas assumed that a wort<er would be aware of the contamination at the 
Mines site through a Site safety and health plan and would not drink the mine pit water. 

Recreational User 

The recreational land user includes adults and children who spend a limited amount of time at or 
near the Mines site fishing, swimming, hunting, or engaging in other recreational activities. A 
recreational user could potentially be exposed to COCs through contact with stockpile material, 
surface soil, airtDome dust and vapors. Augur Creek surface water and sediment, and mine pit 
ponded water and sediments. A recreational user may contact subsurface soil in the future if the 
activities of other receptors (î e., woriters or residents) resulted in the transport of subsurface soil to 
the surface. In addition, a recreational user may be exposed to site-related contamination from 
ingestion of game or fish caught on the Mines site. 

Resident 

A future resident could potentially be exposed to site-related COCs through contact with surface and 
subsurface stockpile materials, surface and subsurface soil, airiDome dust and vapors, and ground 
water. Although ground water associated with the Mines site is not currently used as a source of 
potable water, it.was considered a possible medium of exposure for potential future residents. In 
addition to these media, a resident may be exposed through ingestion of home-grown produce, 
ingestion of home-raised livestock, contact with Augur Creek surface water and sediment, and 
contact with mine pit ponded water and sediment. 

7.1.3.2 Exposure Pathways Excluded From Quaratitative Evaluation 

Based on semi-quantitative and/or qualitative reasoning, certain exposure pathways were excluded 
from quantitative evaluation in the risk assessment A brief discussion of the reasons for the 
elimination of these pathways is presented below. 
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Inhalation of Gas (Radon) in Outdoor Air 

In the screening process used to identify COPCs for the Mines site, it was determined that radon 
gas in the air was present at concentrations equivalent to background [See the Technical 
Memorandum: Constituents of Potential Concern]. For this reason, this constituent (and 
consequently this pathway) was eliminated from consideration. 

Dermal Contact with Stockpile Materials, Soil, and Sediment 

As indicated in the conceptual site model and risk assessment report, exposure via dermal contact 
with stockpile material and soil was not evaluated. As discussed in the Dermal Exposure 
Assessment: Principles and Applications (EPA, 1992b - the released guidance at the time of the 
risk assessment), there are only nine chemicals for which percutaneous absorption from a soil 
matrix has been studied: eight organic chemicals and cadmium. None of these eight organic 
chemicals were COPCs at the Mines site and cadmium was not included as a COPC. Therefore 
dermal contact with stockpile materials, soil, and sediment was not quantitatively evaluated. 

Dermal Contact with Surface Water 

As with dermal contact with stockpile materials, soil, and sediment, demial contact with Augur Creek 
surface water and mine pit water was not evaluated due to a lack of available information on the 
percutaneous absorption of the COPCs. In addition review of EPA's Dermal Exposure Assessment: 
Principle and Applications (EPA, 1992b) revealed that permeability coefficient for the COPCs 
identified for water were not available at the time. 

In addition, this guidance states that the solubility of a compound (either in a lipid or aqueous 
solution) is a primaty factor goveming its dermal permeability. At the Mines site, the COPCs 
identified for surface water are all inorganic compounds which are most likely in the form of an 
insoluble metal or an inorganic salt which are in the group of compounds least able to penetrate the 
skin. Therefore, in addition to the lack of available chemical-specific information, dermal absorption 
of the COPCs in water was not evaluated due to their limited ability to penetrate the skin. 

External Radiation frorm Surface Water 

Based on professional judgement, it was assumed that the radiation exposure an individual would 
receive from being in contact with or in close proximity to surface water would be negligible 
compared to the radiation exposure received from ingesting surface water. Once surface water is 
ingested, the radiation remains until metabolic processes eliminated the contaminant, or until the 
radionuclide completes its decay series. Conversely, extemal radiation associated with being near 
surface water would end the moment a person left the water body. For this reason, extemal 
radiation from surface water (i.e.. Augur Creek surface water and mine pit water) was not 
quantitatively evaluated. 

Ingestion of Homegrown Produce 

EPA Region 10 Supplemental Risk Assessment guidance for Superfund (EPA, 1996a) states that 
the site characteristics which would make consideration of food chain pathways (such as produce 
ingestion) important are current residential use of the site, the presence of large areas of 
contaminated soil in an agricultural area, and the presence of contaminants known to be taken up 
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into plants at potentially significant levels (e.g., cadmium and PCBs). None of these factors apply to 
conditions present at the Mine site, which provides support for the decision to exclude this pathway 
from evaluation. 

Ingestion of Livestock and Game 

In order to estimate edible tissue concentrations in game/livestock it is necessary to model the 
following: plant concentrations from soil concentrations, animal tissue concentrations based on plant 
ingestion, animal tissue concentrations based on incidental soil ingestion while grazing, and animal 
tissue concentrations based on ingestion of surface water. There is limited information available to 
quantify these exposure pathways and studies that are available indicate that metal uptake into 
edible tissues is not a concem. These factors in combination with the limited amount of time an 
animal would graze in the vicinity of the Mines site provide the basis for exclusion of this pathway 
from evaluation. 

Ingestion of Fish 

During the Rl, the only fish seen in Augur Creek in the vicinity of the Mines site were brook 
lampreys, which are not consumed by humans. Downstream of the Mines site. Augur Creek 
sustains a 400-foot drop over a distance of less than 0.6 miles. The steepness of the creek bed 
prevents trout or other species found in the lower stretches of Augur Creek from migrating to areas 
of the creek adjacent to the Mines site. Ingestion of fish was not quantitatively evaluated in the risk 
assessment due to the absence of edible fish in Augur Creek in the vicinity of the Mines site, and 
because physical conditions of the creek restrict new species. 

During the Feasibility Study (FS), EPA requested Kerr McGee evaluate human health effects that 
may be associated with ingestion of fish containing inorganic arsenic in White King pond if the pond 
is to be used in the future as a sport fishing resource. Based on their report, Kenr McGee concluded 
that the fish in the White King Pond would not contain levels of inorganic arsenic that would pose a 
health concem. This conclusion is based on a number of factors, including: low potential for 
inorganic arsenic to bioconcentrate in freshwater finfish, metabolic processes that detoxify inorganic 
arsenic in fish, data from other sites showing low potential for inorganic arsenic to pose a risk, and a 
preliminaty risk evaluation using the White King Pond water concentrations. 

7.1.4 Exposure Point Concentrations . 

Exposure point concentrations were defined by identifying geographical areas that could be 
contacted by the receptors of concem. Five general geographic areas were defined for the Mines 
site. These areas are the following: 

The protore stockpile at the White King Mine 

« The overiDurden stockpile at the Vv'hile King Mine 

Off-pile areas at the White King Mine 

« The overtDurden stockpile a the Lucky Lass Mine 

° Off-pile areas at the Lucky Lass Mine . 
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Exposure point concentrations were calculated for a potential future resident, current and future 
Forest Sen/ice wori<ers, and current and future recreational users. A current resident was not 
considered because there are currently no residents at the Mines site. Current and future exposure 
point concentrations were assumed to be the same for all media except soil. For soil, current 
exposure point concentrations were calculated incorporating soil analytical results from a depth of 0-
6 inches; future exposure point concentrations were calculated incorporating soil analytical results 
from a depth of 0 to 6 feet (EPA, 1992c). Exposure point concentrations for the receptors of 
concern were calculated for soil, air, surface water, sediment, and ground water. A summary of 
Chemicals of Concem and Medium-Specific Exposure Point Concentrations are presented in 
Tables 7-1 to 7-1. 

The summaty of the exposure parameter values (e.g. exposure frequency (days/year), exposure 
duration (years) for the reasonable maximum exposure are presented in Table 7-8. 

7.1.5 Toxicity Assessment 

The human health toxicity assessment quantified the relationship between estimated exposure 
(dose) to a contaminant of concem and the increased likelihood of adverse effects. Risks of 
contracting cancer due to a site exposure are evaluated based on toxicity factors (cancer slope 
factors or CSFs) published by EPA. Quantification of non-cancer injuries relies on published 
reference doses (RfDs). 

CSFs are used to estimate the probability that a person would develop cancer given exposure to 
site-specific contaminants. This site-specific risk is in addition to the risk of developing cancer due 
to other causes over a lifetime. Consequently, the risk estimates generated in risk assessment are 
frequently referred to as "incremental" or "excess lifetime" cancer risks. 

RfDs represent a daily contaminant intake below which no adverse human health effects are 
expected to occur. To evaluate noncarcinogenic health effects, the human health impact of 
contaminants is approximated using a hazard quotient (HQ). Hazard quotients are calculated by 
comparing the estimates to site-specific human exposure doses with RfDs. Values greater than 1.0 
are considered to represent a potential risk. 

The following hierarchical approach was used to determine toxicity values: 

The Integrated Risk Infomiation System (IRIS) computer database (EPA, 1996b) 

The Health Effects Assessment Summary Tables (HEAST) (EPA, 1995b) 

EPA Region 10 was consulted for toxicity values when toxicity values were not available from the 
above sources. 

With the exception of lead (there are cun'ently no EP.A-derived slope factors for lead), ali COPCs 
evaluated in the assessment that have evidence of carcinogenicity in animals or humans and are 
classified as carcinogens by EPA (Groups A, B, or C) were evaluated for potential carcinogenic risk. 
Certain inorganic COPCs (cadmium, chromium VI, and nickel) are only considered carcinogenic 
through the inhalation route. Therefore, cancer risk through oral ingestion exposure routes was not 
evaluated for these COPCs. 
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7.1.6 Risk Characterization 

For carcinogens, risks are generally expressed as the incremental probability of an individual's 
developing cancer over a lifetime as a result of exposure to the carcinogen. This "excess lifetime 
cancer risk" is calculated from the following equation: 

Risk = CD! x SF 

where: risk = a unitless probability (e.g., 2x10'^ or 2E-5) of an individual's developing cancer 

GDI = chronic daily intake averaged over 70 years (mg/kg-day) 

SF = slope factor, expressed as (mg/kg-day)-1 

(See Table 7-8 for a summaty of the input parameters used in the risk calculations) 

Risks are probabilities that usually are expressed in scientific notation {e.g., 1 x 10'̂  or 1E-6). An 
excess lifetime cancer risk of 1 x 10"® indicates that an individual experiencing the reasonable 
maximum exposure estimate has a 1 in 1,000,000 chance of developing cancer as a result of site-
related exposure. This is referred to as an "excess lifetime cancer risk" because it would be in 
addition to the risks of cancer individuals face from other causes such as smoking or exposure to 
too much sun. The chance of an individual's developing cancer from all other causes has been 
estimated to be as high as one in three. EPA's generally accepted risk range for site-related 
exposures is 1 x 10"* to 1 x 10"^ Oregon cleanup mles defined at OAR 340-122-115 establish 
acceptable risk for carcinogens at or below 1 x 10"® for individual carcinogens and 1 x 10"̂  for 
cumulative carcinogens. 

The potential for noncarcinogenic effects is evaluated by comparing an exposure level over a 
specified time period {e.g., life-time) with the RfD derived for a similar exposure period. An RfD 
represents a level that an individual may be exposed to a given chemical that is not expected to 
cause any deleterious effect. The ratio of exposure to toxicity is called a hazard quotient (HQ). An 
HQ < 1 indicates that a receptor's dose of a single contaminant is less than the RfD, and that toxic 
noncarcinogenic effects from that chemical are unlikely. The Hazard Index (HI) is generated by 
adding the HQs for all chemical(s) of concem that affect the same target organ (e.g., liver) or that 
act through the same mechanism of action within a medium or across all media to which a given 
individual may reasonably be exposed. A HI < 1 indicates that, based on the sum of all HQ's from 
different contaminants and exposure routes, toxic noncarcinogenic effects from all contaminants are 
unlikely. An HI > 1 indicates that site-related exposures may present a risk to human health. 

The HQ is calculated as follows: 

Non-Cancer HQ = CDI/RfD 

where: CDI=Chronic daily intake 

RfD = reference dose 

CDI and RfD are expressed in the same units and represent the same exposure period (i.e., 
chronic, subchronic, or short-term). 

7 - 6 



8 
8 White Kin.g/Lucky Lass Record of Decision 

7.1.6.1 Cancer Risk Summarv 

A summary of the Mines site cancer risks for each scenario/receptor is presented in Tables 7-11 to 
7-18. The results of the human health risk characterization indicated that the following exposure 
scenarios had elevated risks: 

A White King Mine current adult wori<er had a total risk of 6 x 10"̂  due to ingestion of arsenic in soil 
and exposure to extemal radiation from radium-226/228 in soil. In a future scenario the risk to 
wori<ers were slightly greater with a total risk of 2 x 10"*. These risks were also associated with 
ingestion of arsenic in soil and exposure to radiation from radium-226 in soil. 

For the future recreational user (child) at the White Kino Mine total cancer risks were 4 x 10" This 
is due to exposure to arsenic in soil, exposure to extemal radiation from radium-226/228 in soil, and 
ingestion of arsenic in Augur creek and VA/hite King pond sediment and surface Vv-ater. These risks 
are primarily associated with incidental ingestion of arsenic in surface soils (3.9 x 10"). Total risks to 
the current recreational user (child) were slightly lower at 2 x 10". 

For the potential future resident (adult) at the White Kino mine, the total chemical and radionuclide 
cancer risks were 3 x 10"\ The chemical and radionuclide cancer risks are associated with 
ingestion of arsenic in soil (5 x 10'̂ ) and exposure to extemal radiation from radium-226/228 (5 x 10". 
^), ingestion of arsenic in shallow bedrock ground watei^ (3 x 10"'), inhalation of radon in shallow 
ground water (1 x 10"̂ ), and exposure to arsenic in White King Pond surface water and sediment 
(10 X 10'®). The total risks to the future child resident were 2x10"' from the same exposure points 
and chemicals of concem. 

For the potential future resident at the Lucky Lass mine, the total chemical and radionuclide cancer 
risks were 1 x 10"l The highest chemical cancer risks are associated with ingestion of arsenic in 
shallow ground water (6 x 10"*), inhalation of radon from shallow ground water (6 x 10"*), ingestion of 
arsenic in surface soil (2 x 10"®), and exposure to extemal radiation from radium-226/228 in soil (2 x 
10""). The tota! risk to the future child resident were slightly lower at 5 x 10'". from the same 
exposure points and chemicals of concem. 

7.1.6.2 Noncancer Health Effects 

A summaty of the non-carcinogenic risks are shown in Tables 7-19 to 7-24. 

The estimated hazard index for current woriters was 0.4 due to exposure to arsenic in soil which is 
below the benchmari< value of 1. The estimated hazard index for both the current and future adult 

•* Deep bedrock ground water throughout the Mines site, which is not impacted by 
historical mining activities, contains levels of naturally occurring arsenic, radon, and minerals 
that are likely to preclude its use as a residential drinking water source. Risks associated with 
exposure to s'nallow bedrock ground water at the White King protore stockpile are dominated by 
a single well. For a variety of reasons, use of the shallow aquifer for drinking water purposes in 
the vicinity ofthe Mines site seems unlikely. Therefore, this exposure pathway very likely 
overestimates the potential risks. 
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recreational users exposure to overtDurden soils throughout the Mines site were also below the 
benchmari< value of 1. 

Estimates for both cun-ent and future child recreational users (hazard index of 4 and 11 
respectively) were above the hazard index of 1, indicating that there is a potential for adverse health 
effects. The potential for current and future adverse noncancer health effects to a child are primarily 
associated with incidental ingestion of arsenic in overtDurden soii (1 x 10' to 3 x 10°). 

There is a potential for adverse noncarcinogenic effects to potential future residents residing at the 
White King Mine with a total risk of 2 x 10 .̂ This risk is associated with ingestion of arsenic and 
manganese in shallow bedrock ground water (2 x 10 )̂ and ingestion of arsenic in soil (30). 

There is also a potential for adverse noncarcinogenic effects to potential future resident residing at 
Lucky Lass Mine that is associated primarily with the ingestion of arsenic in deep bedrock ground 
water (4). All estimated hazard indices associated with exposure to surface water and sediment in 
White King pond. Lucky Lass pond, and Augur creek were below the benchmari< value of 1 
indicating that there is little potential for adverse noncarcinogenic effects for all receptors from these 
pathways. 

7.1.6.3 Uncertainties 

Uncertainties associated with the human health risk assessment includes exposure assumptions 
(e.g., pathways, frequency, and duration), the applicability of experimental animal study data on 
humans, potential differences in toxicity and absorption efficiency between humans and laboratoty 
animals, derivation of dermal toxicity values from oral toxicity values, and the validity of adding risks 
or hazard quotients for multiple chemicals or pathways. Because several factors used in the risk 
assessment are uncertain, a consen/ative (risk aversive) approach was used to select variables for 
use in risk calculations. 

The key uncertainties that may impact the estimate of risk for the Mines site are presented below: 

Uncertainty Associated with Background Concentrations 

The ability of the selected soil and sediment background locations to accurately depict area 
background concentrations is another source of uncertainty. Within mining areas there are often 
localized areas of high mineral deposits, and it is possible that the chosen background locations 
either missed or over represented these areas of high natural deposits. This could have the effect 
of eliminating COPCs through the screening process that should have been included or retaining 
COPCs that should have been screened out based on background. This indirectly is a source of 
uncertainty in the risk assessment which could lead to an underestimation or overestimation of total 
potential risks associated with the Mines site. 

Another source of uncertainty- associated with background concentrations is the absence of 
sufficient background characterization for shallow and deep bedrock ground water. Because the 
primaty COCs associated with risk due to exposure to ground water (i.e., arsenic and radon) are 
known to be naturally occurring in the area, it is likely that the lack of adequate background 
screening resulted in retaining these as COPCs and using these values in the risk assessment. 
Inclusion of these COCs may have overestimated the risk due to ground water exposure. 
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Uncertainties in Analytical Data 

Analytical results are variable due to the sample matrix, analytical method, and the laboratory 
performing the analysis. At the Mines site where a COPC was detected in a least one sample, 
nondetected samples were assigned estimated concentrations of one-half the detection limit. This 
may either over or underestimate the actual concentrations. Another uncertainty associated with the 
analytical data was the use of subsurface soil radionuclide concentrations to represent surface soii 
radionuclide concentrations. Surface soii radionuclide concentrations may be higher, lower, or 
similar tp subsurface concentrations. Therefore risk to receptors may be underestimated, 
overestimated, or unaffected. 

Uncertainties with Exposure Estimates 

The choice of receptors evaluated in the risk assessment was based on knowledge of current site 
use and predictions of plausible future site use. Because current Site use (i.e., wori<er and 
recreations use) is documented, there is little uncertainty associated with the choice of these 
receptors. Conversely, the assumption that a resident would live at the Mines site is vety uncertain 
and may overestimate risks. 

7.2 ECOLOGICAL RISK ASSESSMENT 

This section summarizes the results of the baseline ecological risk assessment for the Mines site. 
The objectives of the assessment were to assess qualitatively and quantitatively potential adverse 
effects to ecological receptors from contaminants detected at the Mines site. 

The ecological risk assessment was conducted under a tiered or phased approach. The first phase 
(Tier I) involved conducting a screening level risk assessment where potential habitats, receptors, 
and exposures were identified, refined, and compared to site-specific COPC data to identify 
potential ecological risks. Figure 7-1 shows the receptor and community feeding relationships and 
Figure 5-2 depicts the ecological conceptual site model. The results from this assessment either 
identified a need for a more specific Tier 11 assessment or indicated that no remedial action was 
warranted. 

Based on the findings of the Tier 1 assessment, a Tier 11 assessment was conducted to evaluate 
uncertainties associated with the risk estimates that were elevated in the screening ecological risk 
assessment for the Mines site. Specifically risk estimates that were based on terrestrial risk models 
or sediment guidelines were reassessed if the hazard quotient exceeded a value of 10. Risk 
estimates that were based on water quality criteria (ODEQ, 1994; EPA, 1986, 1992) were 
reassessed if the hazard quotient exceeded a value of 1.0. The following locations and media were 
considered in this reassessment of uncertainties: White King sediments, Lucky Lass pond 
sediments and surface water, and Augur Creek sediments and surface water. 

7.2.1 Scological Setting 

The genera! vicinity of the Mines site contains a diverse assortment of habitat types as well as 
diverse wildlife communities (See Figure 7-2 - Habitat Characterization Map). Vegetation 
associated with the Mines site can be characterized as forested and non-forested plant 
communities. Dominant plant communities found at the Mines site include mixed conifer forests 
comprised of ponderosa pine and lodgepole pine, wet-meadows, and shmb-steppe areas. Wet-
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meadow areas north of White King pond, south of the White King overiDurden pile, and north of the 
Lucky Lass overburden pile are dominated by sedge, meadow foxtail, Kentucky bluegrass, mshes, 
and tufted hairgrass. No Federally or State listed, threatened, or endangered plants have been 
identified within the boundaries of the Mines site. 

The primary types of terrestrial mammals, amphibians and reptiles, and birds observed within the 
Mines site are species typically found in shrub-steppe, wet meadows, mixed conifer forested 
habitats in this region of southem Oregon. Both resident and migratoty wildlife are present in the 
area. The most common mammals in the region are the least chipmunk, mule deer, pronghom, 
black bear, and coyote. Birds commonly found in the region include the red-tailed hawk, northem 
harrier, common flicker, hairy woodpecker, common raven, green-tailed towhee, and dari<-eyed 
junco. In addition, numerous sightings of the greater sandhill crane were made at the Mines site 
during field investigations. 

In the aquatic environment, redband trout and pit-klamath brook lamprey utilize a portion of Augur 
Creek approximately 2 miles downstream from the White King Mine. However, for a number of 
reasons (see Section 5.2.6) they do not inhabit the portions of the creek adjacent to the Mines site. 
Aquatic invertebrates obsen/ed during field investigations at the White King pond include giant water 
bugs, aquatic womns, stoneflies, and tme-fly larvae. 

Species of Special Status 

Federallv Listed 

The bald eagle, listed as threatened by the Federal Govemment under the Endangered 
Species Act of 1973, was identified as potentially utilizing areas associated with the 
Mines site. At the time of the risk assessment no observations of bald eagles either 
foraging or nesting in the study area had been documented. In 1990 and in 2001 a 
Biological Evaluation conducted by the Forest Service did not identify any eagles 
inhabiting the Mines site. 

State of Oregon Listed Species 

The Oregon Fish and Wildlife Commission (OFWC) also maintains a list of threatened 
and endangered species under OAR 635-100-125. No species on this list inhabit the 
Mines site. The State also riiaintains a list of sensitive species of vertebrates for the 
State of Oregon under OAR 635-100-040. The only Oregon-listed sensitive species 
obsen/ed at the Mines site was the greater sandhill crane, which is classified as 
vulnerable. Sensitive species listed as vulnerable are species that are not in imminent 
threat of becoming threatened or endangered and can avoid becoming listed as 
endangered through continued and/or expanded use of adequate protection measures 
and monitoring as defined by the Oregon Natural Heritage Program (ONHP, 1993). 

Sensitive or Critical Habitat 

Wetlands 

Palustrine emergent wetlands (i.e., wet-meadows) situated on and downgradient of the 
Mines site were identified during field investigations. Based on field obsen/ations, these 
meadow areas displayed characteristics (i.e., hydrophytic vegetation, hydric soils, and 
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hydrology) satisfying the criteria for identification of a wetland as outlined in the 1987 
Corps of Engineers Wetland Delineation Manual (ACE, 1987). The exact boundaries of 
these wetland areas have not been delineated nor has a wetland assessment been 
conducted at the Mines site. The critical and unique status of wetlands and the 
associated flood plains downgradient of the Mines site may need to be determined prior 
to the commencement of any remedial action. 

7.2.2 Identification of Chemicals of Concern 

Similar to the human health risk assessment approach, contaminants evaluated in the ecological 
risk assessment included those chemicals that exceeded background. The risk-based screening 
step was not conducted for ecological receptors; therefore, all constituents that were determined to 
be present above background concentrations were included as COPCs for the ecological risk 
assessment. . 

Based on the findings of the ecological risk assessment this list was narrowed down to the following 
COCs as shown in Tables 7-25 to 7-28: 

White King Pond Surface Water 

• Aluminum 
• Arsenic 

Auger Creek and White King Pond Sediment 

• Arsenic 
" Manganese 
" Mercuty 

White King and Lucky Lass Soil 

• Arsenic 
° Antimony 
» Mercuty 

• ° Selenium 

7.2.3 Exposure Assessment 

As previously stated, screening was performed before the ecological risk assessment. Therefore, 
the receptors and exposure pathways were initially identified on a broad trophic-level scale (Table 7-
29 summarizes the ecological exposure pathways of concem). Identifying receptors at the Mines 
site involves identifying primaty routes of exposure through an understanding of the potentiai 
migration of COPCs (i.e., fate and transport). How groups of receptors are likely to be exposed and 
which media are likely to be involved in the primaty routes of exposure was determined by 
identifying potential migration of COPGs. 

7.2.4 Identification of Receptors 

Individual receptor species, as defined by their trophic level (e.g., decomposer, producer, primaty 
consumer) and group (e.g., plants, birds, mammals), were selected to represent ali exposed 

7 - 1 1 



8 
While Kin.g/Luckv Lass Record of Decision 

receptors with comparable habitat requirements, feeding preferences, and life histories, as well as 
critical or "key" species identified by the following characteristics: 

Receptors that are vital to the structure and function of the food web such as 
principle prey or primaty food sources of principle prey. 

Receptors that exhibit increased sensitivities to the COPCs. 

Receptors that have unique life histories or feeding behaviors whose loss may result 
in the elimination of a unique ecological niche or unpredictable results on the overall 
ecosystem. 

An effort was made to select receptor species that most closely reflect these "critical" 
characteristics as well as species that are expected to inhabit the Mines site. Two bird species and 
one mammal species were selected as potential receptors for the Mines site because of their ability 
to feed and nest in areas of affected soil, sediment, and/or surface water. A plant and seed-eating 
bird (i.e., heriDivore/granivore), represented by the blue grouse {Dendragapus obscurus), and an 
invertebrate-eating mammal (i.e., carnivore), represented by the vagrant shrew {Sorer vagrans), 
were selected to assess potential ecological impact from COPCs in White King and Lucky Lass 
mining area soil. The blue grouse was chosen as a receptor that is expected to be representative of 
other species of herbivorous/granivorous birds occupying a similar habitat at the Mines site. 
Similariy, the vagrant shrew was chosen as a receptor that is expected to be representative of other 
camivorous species of small mammals occupying similar habitat at the Mines site. An Oregon-listed 
sensitive species of bird, the greater sandhill crane {Gms canadensis tabida), which feeds on 
aquatic organisms, was selected to assess potential ecological iriipact from COPCs in White King 
and Lucky Lass Mine pit water and sediment and Augur Creek surface water and sediment. The 
greater sandhill crane was chosen as a receptor that is expected to be representative of species of 
fish-eating birds occupying similar habitat at the Mines site. 

Plants, aquatic invertebrates, and aquatic biota (including herpetiles and fishes) were also selected 
as receptors based on the potential for transport of COPCs to the soil, ponds, and creek associated 
with the Mines site. Plants were selected as receptors because of their close association with soil. 
Exposure of plants to COPCs in soil is expected through direct contact and uptake as the primaty 
exposure routes^ Aquatic invertebrates were selected as receptors because of their close 
association with benthic (i.e., sediment) environments. Aquatic biota were selected as receptors 
because of the close association of this community with surface water and wetland environments. 

The incidental ingestion of COPCs in soil or sediment and the indirect ingestion of COPCs through 
dietaty intake were selected as the primaty routes of exposure for the receptor species (i.e., blue 
grouse, vagrant shrew, and sandhill crane). The primaty exposure routes for aquatic invertebrates 
are diet and incidental ingestion and dermal contact with sediment. The primaty exposure routes for 
aquatic biota to COPCs in surface water are diet and ingestion and dermal contact with surface 
water. 

Exposure to COPCs in surface and subsurface soil at White King and Lucky Lass Mines was 
assessed by evaluating direct contact and uptake by plants, and ingestion of food (i.e., plants and 
soil invertebrates) and soil by the blue grouse and vagrant shrew. Exposure to COPCs in sediment 
from the White King Mine pond. Lucky Lass Mine pond, and Augur Creek was assessed by 
evaluating ingestion and dermal contact by aquatic invertebrates, and ingestion of aquatic 
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organisms and sediment by the sandhill crane. Similariy, exposure to COPCs in surface water of 
White King and Lucky Lass ponds and Augur Creek was assessed by evaluating ingestion and 
dermal contact by aquatic biota, ingestion of aquatic organisms by the sandhill crane, and ingestion 
of surface water by the blue grouse, vagrant shrew, and sandhill crane. This simplified approach 
incorporated the consen/atism needed to encompass all potential ecologicareffects that may be 
occurring at the Mines site. 

7.2.5 Exposure Point Concentrations 

Exposure point concentrations were derived for sediment, surface water, and soil and are 
presented in Tables 7-25 to 7-28. Maximum values were used as exposure point concentrations 
for all media at the Mines site. To estimate the environmental receptors exposure to radionuclides 
the absoriDed doses (in Gy/day) were calculated for each receptor following the methodology 
described in Effects of Ionizing Radiation on Plants and Animals at Levels Implied by Current 
Radiation Protection Standards {\kEk, 1992). Radionuclide-specific factors were based on those 
for radium-226 (Ra-226) as well as uranium-238 (U-238). 

7.2.6 Ecological Effects Assessment 

The focus of the effects assessment was to identify appropriate radionuclide and non-radionuclide 
effect doses for bird and mammal receptors and to identify available radionuclide effect doses and 
non-radionuclide effect criteria for communities of terrestrial plants, aquatic invertebrates, and 
aquatic biota. Defining the ecological effects (i.e., eco-toxicity) that may be associated with the 
receptors and the COPCs at the Mines site involved establishing potential effect doses from current 
literature and selecting effect criteria from appropriate regulatoty guidance and literature sources. 

Radionuclide effect doses were selected for birds, mammals, terrestrial plants, aquatic 
invertebrates, and aquatic biota from list of studies summarized in Eisler, 1994. Non-radionuclide 
effect doses for species of birds and mammals were obtained from peer reviewed primaty.research 
articles. Primaty factors considered in the selection of suitable studies include study species, study 
duration, effect dose, and effect endpoint. Aquatic invertebrate effect criteria for non-radionuclides 
COPCs were obtained from the Ontario Ministty of.the Environment (OME) Guidelines for the 
Protection and h/lanagement of Aquatic Sediment Quality in Ontario (Persaud et al., 1993). Aquatic 
biota effect criteria for non-radionuclide COPCs were obtained from the Oregon State-Wide Water 
Quality Management Plan; Beneficial Uses, Policies, Standards and Treatment Criteria (ODEQ, 
1994). At the time of the RI/FS the Oregon State-Wide Water Quality Management Plan had 
adopted EPA Ambient Water Quality Criteria (AWQC) [EPA, 1992] for regulating freshwater within 
the State of Oregon (ODEQ, 1994). The AWQC have been updated periodically. At the time of this 
ROD, the most recent version was published in December 10, 1998 with two corrections issued in 
April 1999. 

7.2.7 Risk Characterization 

The results of the ecological risk assessment are summarized in Tabte 7-29. The assessment 
showed some adverse impact, based on screening level assessment only, for the blue grouse, 
vagrant shrew, and terrestrial plants exposed to non-radionuciides (hazard index ranging from 38 to 
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94,000^) primarily from arsenic, selenium, antimony, lead, and mercuty in surface and subsurface 
soil at the White King Mine. At Lucky Lass only slightly elevated risks (hazard index ranging from 1 
to 3) were predicted for the vagrant shrew and terrestrial plants exposed to arsenic and silver in 
surface soil. 

The risk assessment also predicted adverse impact, based on screening level assessment only, for 
aquatic invertebrates exposed to non-radionuclide COPCs in the sediments of the White King pond. 
Lucky Lass pond, and Augur C.reek. The greatest risks were associated with arsenic in sediments 
at White King (HI of 33) and Augur Creek (HI of 27). There were additional elevated risks to aquatic 
invertebrates from manganese in Augur Creek (HI of 13). Adverse impact was also predicted for 
the sandhill crane exposed to non-radionuclide COPCs in White King pond and Lucky Lass pond 
sediment, but these impacts may also occur at levels below background concentrations. 

A Tier 2 analysis was conducted to reassess in further detail the uncertainties associated with the 
risk e.stimates that were elevated in the screening ecological risk assessment for the Mines site. 
This reassessment of uncertainties indicated that no adverse impact is predicted for the sandhill 
crane due primarily to the highly consen/ative Biota-sediment accumulation factors (BSAF) used to 
estimate fish tissue concentrations in the screening level assessment. In addition, no adverse 
impacts to aquatic biota are expected in the Lucky Lass pond and Augur Creek surface water, since 
dissolved concentrations do not exceed water quality standards. 

Since the bio-availability of arsenic and manganese affects whether benthic organisms will be 
impacted by these metals, further evaluation of the bioavailability of these metals in White King pond 
sediment (arsenic only) and Augur Creek sediment (arsenic and manganese) may be warranted. 

There were no adverse impacts to ecological receptors predicted for the radionuclide and 
nonradionuclide COPCs in water of the White King pond, Lucky Lass pond, or Augur Creek. Little 
aquatic life has been observed to inhabit White King pond, and is presumed to be due to historically 
low pH water prior to pond neutralization in 1998. EPA established PRGs for aluminum and pH for 
White King pond surface water. 

7.2.8 Uncertainties 

Significant uncertainties in the screening level ecological risk assessment can be found with 
chemistty and sampling analysis, fate and transport parameters, exposure assumptions, and 
toxicological data. The largest sources of uncertainty are found in the use of vety conservative 
exposure assumptions and the use of potentially weak toxicological data from laboratoty studies 
rather than site-specific toxicity data. 

^ iNumerically large hazard quotients are associated with exposure to lead at the Mines 
site. Lead was detected at a maximum concentration of 515 mg/kg and an average of 28 mg/kg 
for all soU samples collected at the Mines site. The average value is very similar to the 
background lead levels that ranged from 11.3 to 16.7 mgAcg. The ecological assessment assum.es 
aU receptors are continuously exposed to the maxunum detected concentration of lead (and aU 
other COPCs) so these values may overestimate the true risk to ecological receptors. 
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7.2.8.1 Environmenta! Chemistry and Sample Analvsis 

As previously stated maximum values were used as exposure point concentrations for all metals at 
the Mines site. This is likely to result in overestimation of risk to receptors who may inhabit a greater 
area than the area represented by just one or a few samples. 

COPCs in White King pond and Lucky Lass pond sediment and surface water were not completely 
evaluated in the background screening process because of lack of background data at the pond. 
This is likely to result in an overestimation of risk since constituents with a least one detected value 
were evaluated as COCs instead of only those constituents that were significantly above 
background levels. This is especially important since the pond bottoms represent naturally 
mineralized zones. The potential for overestimation of risk for naturally occurring elements is also 
true for aluminum, calcium,, magnesium, potassium and sodium, which are primaty soil components 
and, with the exception of aluminum, are considered to be essential elements. 

7.2.8.2 Fate and Transport Parameters 

The bioavailability of COPCs in the environmental media and diet of the receptors was estimated at 
100 percent. This is likely to overestimate risk since constituents in the environment are quite 
frequently bound as complexes that reduce their bioavailability. 

Bioaccumulation was assumed to be 100 percent in the absence of site-specific bioaccumulation 
data. This results in an overestimation of risk for those constituents that are not expected to 
bioaccumulate but may result in underestimation of risk for those COPCs that have the potential to 
bioaccumulate in plant and animal tissues above 100 percent. Bioaccumulation factors of 0.04 for 
arsenic, 0.045 for lead, and 0.025 for selenium have been reported in the literature. Thus risks to a 
blue grouse at the Mines site may be overestimated for these metals by more than an order of 
magnitude. Risk to the vagrant shrew and sandhill crane may also be overestimated based on 
bioaccumulation of COPCs in their prey (earthworms and fish respectively), 

7.2.8.3 Exposure Assumptions 

Exposure parameters for all receptors were selected based on literature information and 
professional judgement. In addition, the amount of time spent exposed to site-related media is 
assumed to be the highest possible value. The conservative assumptions used are likely to 
overestimate the potential risk estimates 

The inhalation of radon gas by active and dormant near-surface wildlife, such as the vagrant shrew, 
presents a potential exposure pathway that was not evaluated during this assessment. Although 
subsurface exposure to radon gas at the Mines site may or may not be greater than that of ambient 
air, exclusion of this pathway from the assessment may underestimate the potential for risk from this 
contaminant. 

Food and water ingestion rates for all bird and mammal receptors were based on allometric models 
from the scientific literature. These niodels generally result in an overestimation of actual intake 
rates for ecological receptors. 
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For all radionuclide COPCs, exposure was estimated using human toxicokinetic data and 
associated dose conversion factors. Applying human toxicokinetic data to predict radionuclide fate 
in animals is another source of uncertainty. The effect of this uncertainty cannot be quantified. 

For the radionuclide COPCs, exposure was estimated using exposure parameters specific to 
radium-226 (for radium isotopes) and uranium-238 (for uranium isotopes.) This adds uncertainty in 
calculating total radionuclide exposures, particulariy for thorium, although it is unclear if potential 
risks ai'e over or underestimated. 

7.2.8.4 Toxicological Data 

Both radionuclide and non-radionuclides effects data were obtained from literature sources that 
were not specific to the receptors at the Mines site. This could lead to uncertainty in estim.ation of 
risks. 

Radionuclide effects data presented as acute or chronic effects values were not extrapolated to 
acute or chronic no-effects values. For non-radionuclide effects data, a factor of 5 was used to 
extrapolate from effects levels to non-effects levels. Thus, no-effected data may be underestimated 
by about an order of magnitude. 

Avian effects data were unavailable for several non-radionuclide COPCs (i.e, antimony, barium, 
beryllium, and potassium), which results in uncertainty as to whether these COCs contribute to the 
overall risk to receptors. 

The majority of available non-radionuclide effects data were determined using laboratoty animals 
studies under laboratoty conditions. These data as well as toxicological interpretations based on 
blood biochemistty or body weight changes may not represent adverse health effects or cannot be 
precisely extrapolated to a free-ranging wildlife population. 

Suitable phytotoxicity (toxicity to plant) data was vety limited. In instances where data were 
available, the lowest reported concentration of a COPC that elicited an adverse effects was 
selected as the effective criterion. 

7.3 BASIS FOR. RESPONSE ACTiOSsS 

Contaminated soil stockpiles at the Mines site represent a threat to ecological and human 
receptors. The chance of an individual developing cancer or non-carcinogenic effects related to 
.exposure to Site stockpiles exceed the acceptable risk range identified in the NCP and DEQ 
acceptable limits. Terrestrial and aquatic ecological receptors may also be harmed by exposure to 
surface soils, surface water, sediments, and stockpile soil. 

The response action selected in the this ROD is necessaty to protect the public health or welfare or 
the environment from actual or threatened releases of hazardous substances into the environment. 
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SECTIOM 8 

REi\̂ EDIATJON OBJECTIVES 

Remedial action objectives (RAOs) consist of medium-specific or location-specific goals for 
protecting human health and the environment. This section presents the RAOs for soil, surface 
water, sediment, and ground water at the Mine site. It outlines the risks identified in Section 7 and 
provides the basis for evaluating the cleanup options presented in Section 9. Additionally, a 
description of the major applicable or relevant and appropriate requirements (ARARs) for 
components of the remedial altematives is provided. 

8.1 NEED FOR REMEDIAL ACTION 

The uranium mining operations at the Mines site have resulted in widespread distribution of 
contaminated soils and waste rock at the White King and Lucky Lass Mines, contaminated water 
and sediments in the White King Pond, and contaminated sediments in Augur Creek. Key COCs 
at the Mines site identified in the human health and ecological risk assessment include radium-226 
and arsenic. The cleanup goals were driven by either background, or .ARARs, in particular the 
Oregon Environmental Cleanup regulations. Normally, under the NCP, EPA strives to achieve an 
excess human health cancer risk, for the current or reasonably anticipated future land use, of 
between 1 x 10"* and 1 x 10"̂ . The Oregon Cleanup regulations, which- are ARARs for the selection 
of response actions, require that the excess cancer risk be no greater than 1 x 10"® for each 
individual carcinogen, and therefore are more stringent than the NCP. The following sections 
outline the remediation objective for each area of the Mines site. Specific cleanup goals are 
discussed in Section 12.6. 

8.2 REMEDIAL ACTION OBJECTIVES 

8.2.1 White King Mine 

At the White King Mine, the potential cancer risks to wori<ers, recreational users, and potential future 
residents exceeded 1 x 10"® from exposure to extemal radiation, ingestion of arsenic in soils and 
ingestion of contaminants in pond water, pond sediment, shallow bedrock and perched ground 
water. Non-carcinogenic potential risks were also elevated above 1 for the cument and future 
recreational user and potential future resident. These risks are associated with the incidental 
ingestion of arsenic in overtDurden soil and ingestion of arsenic in pond .water and sediment and 
arsenic and manganese in shallow bedrock and perched ground water directly beneath the 
stockpiles. 

Ecological risks were elevated above 1 for plants and animals exposed to surface and subsurface 
soils These risks are primarily associated with exposure to arsenic, selenium, antimony, lead, and 
mercuty in soils. Ecological risks were also elevated for aquatic invertebrates exposed to pond 
sediments. These risks are primarily associated with arsenic. . 
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8.2.1.1 White King Soils 

The RAOs for the White King soils under cun-ent and future use scenarios are as follows: 

Reduce exposure to stockpiles and contaminated off-pile soil by humans (ingestion and 
extemal exposure) and ecological receptors (ingestion). Demonstrate protectiveness to an 
excess risk level of 1 x 10"® for carcinogenic risk (or a non-cancer HQ of 1) based on 
reasonable maximum exposure for an individual, or background concentration whichever is 
higher. 

• Reduce and eliminate the release and migration of contaminants from soils to ground water 
or surface water via erosion, oxidation, or leaching to protect for beneficial uses 
(recreational, agricultural, and aquatic habitat). 

• Prevent the removal or use of stockpile soils for any purpose. 

8.2.1.2 White King Pond 

The Human Health Risk Assessment for the White King pond concluded that the pond posed a 
slight carcinogenic risk to current and future recreational users and potential future residents from 
ingestion of arsenic in surface water (4 x 10"̂ ) and sediment (1 x 10"̂ ). Based upon a limited 
number of samples the ecological risk assessment predicted potential risks to aquatic invertebrates 
exposed to non-radionuclide contaminants in the sediment at the White King pond. The greatest 
risks were associated with arsenic and manganese in sediments. Additionally, limited aquatic life 
has been observed to inhabit White King pond presumably due to historical low pH and dissolved 
concentrations of metals. The reasonable likely future beneficial use as defined under ORS 
465.315 is expected to be an aquatic habitat. Potential livestock watering and recreation are also 
reasonably likely, but can be restricted as part of the remedy. The remedial action goals are as 
follows: 

° Protect the potential beneficial use(s) (aquatic life) of the White King pond from exposure to 
COCs above applicable standards (Oregon's State water quality standards (OAR 340-41 -
925), or background concentrations (if background concentrations are higher than the 
applicable standard). 

Maintain a neutral pH in the White King pond water in order to reduce the toxicity of the 
acidic water and lower the concentrations of dissolved metals in the water. 

8.2.1.3 Augur Creek 

The risk assessment predicted potential adverse impact to aquatic invertebrates exposed to non-
radionuclide contaminants in the sediments of Augur Creek. The greatest risks were associated 
with arsenic with a hazard index of 26.5. There were additional elevated risks to aquatic 
invertebrates from manganese in Augur Creek (HI of 13.2). There was also a slightly elevated 
carcinogenic risk to current and future recreational users from exposure to arsenic in Augur Creek 
sediment and surface water (9 x 10"®). No adverse impact was predicted for.surface water since 
dissolved concentrations did not exceed Federal ambient water quality standards. The RAOs for 
Augur Creek are: 
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• Reduce exposure to aquatic invertebrates and recreational users from COCs in Augur 
Creek surface water and sediments above protective risk-based levels for recreational 
users, applicable standards (Oregon's State water quality standards (OAR 340-41-925), or 
background concentrations (if background concentrations are higher than the applicable 
standard or protective level). 

• Monitor surface water to ensure that the potential beneficial uses of surface water 
(discussed in the next section) are maintained and/or to establish a trend toward 
background concentrations. 

8.2.1.4 White Kino Mine Ground water 

Although future human use of ground water was determined to be unlikely, the risk assessment 
included human exposure to ground water. It indicated theoretical cancer risks exceeding 10"" and 
non-cancer HQ exceeding 1 for future residential use of ground water for the bedrock aquifer. The 
primaty risk drivers were arsenic and radon. For the shallow aquifer, the risk drivers are arsenic and 
radon (and betyllium and manganese at one location) directly below the protore and overtDurden 
stockpiles. The concentrations of arsenic in all of the downgradient monitoring wells in this aquifer 
are below MCLs. See Section 5.3.2 for a discussion of the sources and fates of contamination in 
ground water. The RAOs for White King Mine ground water are: 

• Prevent any human exposure and future use of ground water beneath the stockpile-with 
contaminant concentrations in excess of Federal and State drinking water standards or 
protective levels. 

• Monitor ground water upgradient and downgradient of the stockpile to ensure that the 
potential beneficial uses of ground water (discharge to surface water) meet applicable 
standards (Oregon's State water quality standards (OAR 340-41-925) at the boundaty of the 
waste management area with Augur Creek and/or to establish a trend toward background 
concentrations. 

Beneficial Use Determination. 

Since an RAO has been established to monitor the ground water to ensure that the potential 
beneficial uses of the ground water are maintained, the following paragraphs describe the 
determination of beneficial ground water use for the Mines site. 

A beneficial water use determination is required in accordance with OAR Chapter 340, Division 122. 
General categories of water use include drinking water, irrigation, livestock, industty, engineering, 
aquatic life (aquatic habitat), recreation, and aesthetic quality. The Rl has documented that the 
Mines site is located in a remote area of Lake County, Oregon, approximately 17 miles from the 
nearest city (Lakeview). Water uses such as industrial process or engineering purposes are highly 
unlikely. The land in the vicinity of the Mines site is typically used for timber production or cattle 
grazing, not for food crop production. Thus, the use of ground water or surface water for irrigation of 
crops is highly unlikely. The natural background levels of radon, arsenic, and other constituents 
present within the ground water make it a poor drinking water source. (Under the NCP ground water 
at the site would likely be designated as Class 11 (Subclass IIB - a potential source of drinking water) 
where remediation goals are typically set at drinking water standards (MCLs) or background. 
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whichever is higher)®. Ground water may discharge to surface water at a point down the Augur 
Creek valley. Therefore, the discharge of such ground water to surface water use is considered by 
the State as the potential beneficial use of ground water. 

The only surface water body in the vicinity of the Mines site is Augur Creek. There are no current 
recreational uses (fishing, swimming, boating) of Augur Creek in the vicinity of the Mines site and 
future such uses are extremely unlikely due to the small size and intermittent flow of the creek. 
Augur Creek is hydraulically connected to the ground water as determined in the Rl, but, as 
discussed above, there is no beneficial use of the ground water other than discharge to surface 
water. A likely beneficial surface water use for the Mines site would include Augur Creek as an 
aquatic habitat for macroinvertebrates and benthic organisms. Thus, to protect the aquatic habitat of 
Augur Creek, the discharge from ground water to surface water should meet Oregon's State water 
quality standards (OAR 340-41-925). Since the land use in the vicinity' of the Mines site includes 
timber production and cattle grazing, water for livestock from either Augur Creek or a livestock 
watering well is also a potential water use. 

8.2.2 Lucky Lass Mine 

At the Lucky Lass Mine, the potential risks to a future resident exceed 1 x 10"® due to exposure to 
arsenic and radionuclides in soil and arsenic and radon in ground water (as previously stated in 
section 7.1.3 residential exposure is not a reasonably likely future use although it was included in the 
risk assessment). The majority of the risks are associated with off-stockpile soils and shallow 
ground water below the stockpile. With the exception of specific surface soils, the overall levels of 
contamination in the Lucky Lass soils is much lower than that found at White King. 

8.2.2.1 Lucky Lass Soils 

The RAOs are as follows: 

» Prevent direct contact with the contaminated soils to reduce potential risks from incidental 
soil ingestion and threat from extemal radiation exposure. 

• Prevent any future use of stockpile soils with contaminant concentrations in excess of 
protective levels. 

8.2.2.2 Lucky Lass Mine Ground water 

Results of the human health BRA indicated cancer risks exceeding 1 x 10"® and non-cancer hazard 
quotients exceeding 1 for future residential use of ground water from the shallow and deep aquifers. 
Radon was the only constituent of concem in shallow ground water. Arsenic and radon were the risk 
drivers in the deep (bedrock) aquifer. The concentrations of arsenic in ground water did not exceed 
the MCL at any location. The radon levels were similar to those detected in backg.round samples. 
None of the radionuclides associated with mining activity were constituents of concem. As at the 

^ EPA's Superfund program uses EPA's Ground Water Protection Strategy as guidance when determining 
the appropriate remediation for contaminated ground water at CERCLA sites. This suategy establishes differenl 
degrees of protection for ground waters based on their vulnerability, use, and value. EPA's goal is to return usable 
ground water to their beneficial uses within a time frame that is reasonable given the circumstances of the site. 
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White King mine the state has determined that the potential beneficial use of the Lucky Lass ground 
water is discharge to surface water. EPA would classify this ground water as Class II (subclass IIB -
a potential source of drinking water) where remediation gOals are typically set at drinking water 
standards (MCLs) or background, whichever is higher. The RAOs for Lucky Lass Mine Ground 
water are: 

« Monitor ground water upgradient and downgradient of the stockpile to ensure that the 
potential beneficial uses of ground water (discharge to surface water) meet applicable 
standards (Oregon's State water quality standards (OAR 340-41-925) at the boundary of the 

. waste management area with Augur Creek and/or to establish a trend toward background 
concentrations. 

» Prevent any human exposure and future use of ground water beneath the stockpile with 
contaminant concentrations in excess of Federal and State drinking water standards or 
protective levels. 

8.3 ESTIMATED AREAS AHD VOLUMES OF STOCKPILE MATERIAL AMD POND 
WATER 

Table 8-1 presents an estimate of the areas and volumes of media of concem including the White 
King Stockpiles, White King Mine pond, and the Lucky Lass Mine Stockpiles that was developed for 
the FS. The assumptions and data used in estimating the areas and volumes are also indicated in 
the table. 
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SECTIOM 9 

DESCRIPTION OF ALTERNATIVES 

Many technologies were considered to clean up the Mines site. Appropriate technologies were 
identified and screened for applicability to site conditions. The potential technologies were then 
assembled into altematives. Potential remedial altematives for the Mines site were identified, 
screened, and evaluated in the FS. The range of altematives developed included no action, 
institutional controls, containment, treatment, and disposal. The altematives are identified by 
numbers used in the FS. 

9.1 COMMOM ELEMENTS OF EACH ALTERNATIVE 

With the exception of the No Action Altemative, the remedial altematives developed for the Mines 
site share certain components, such as institutional controls and monitoring requirements. Several 
of the altematives require institutional controls (e.g., deed restrictions such as an easement or 
covenant) to limit or restrict certain uses of the Mines site and to ensure the integrity of the stockpile 
soil cover. These institutional controls and monitoring requirements are discussed in each 
altemative as appropriate and. outlined in detail in the selected remedy (Section 12). 

9.2 DESCRIPTION OF ALTERNATIVES 

9.2.1 White King Stockpile Alternatives 

9.2.1.1 Alternative SP-1: No Action 

Estimated Capital Cost: $0 

Estimated Annual O&M Cost: $0 

Estimated Present Worth Cost: $0 

Estimated Construction Time frame: None 

CERCLA requires evaluation of a no-action altemative as a baseline reflecting current conditions 
without any cleanup effort. This altemative is used for comparison to each of the other altematives. 

9.2.1.2 ' Alternative SP°2: Institutional Controls and iVlonitorinq 

Estimated Capital Cost: $509,000 

Estimated Annual O&M Cost: $36,000 

Estimated Present Worth Cost: $956,000 (7% discount rate for 30 years) 

Estimated Constmction Time frame: None 
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This alternative consists of access restrictions, institutional controls, inspection and maintenance, 
and monitoring. 

Access Restrictions 

Access would be restricted by constructing a fence or barrier surrounding the stockpiles to prevent 
exposure to and dismption or use of the stockpile materials. In order to prevent disturtDance of the 
stockpiled material from huriaans and cattle or medium-to-large animals, a bartDed-wire fence, 
boulder barrier, or chain-link fence would be constmcted around the stockpiles. For costing 
purposes, the chain-link fence option was used for the above cost estimate. 

Institutional Controls 

Land use restrictions would be put in place to prevent removal or residential use of stockpile 
material and installation of ground water wells. Because the White King stockpiles are located on 
both National Forest System Lands and private property, different mechanisms for land use 
restrictions will be required: 

For private property land use restrictions would include proprietaty controls such as an equitable 
servitude and easement (consistent with ODEQ's "Final Guidance for Use of Institutional Controls" 
(ODEQ, 1998). This is a legal instmment placed in the chain of title that provides access rights to a 
property for inspection and maintenance and monitoring and restrictions preventing residential use 
and installation of drinking water wells. This type of control shall be set forth in an EPA and ODEQ-
approved form mnning with the land and enforceable by EPA and DEQ against present and future 
owners of the property. As an informational device the Mines site would be maintained on DEQ's 
Environmental Cleanup Site Information Database as long as the institutional controls remain in 
effect. One additional informational device is a deed notice to inform the public that contamination 
remains on private property. 

On National Forest System Land an amendment to the Forest Plan would be made by the Forest 
Sen/ice to prohibit residential use and installation of drinking water wells at the Mines site. The area 
of the Mines site was withdrawn from mining by the Bureau of Land Management (BLM) on August 
9, 1993 to protect the rehabilitation wori< to be done on the White King and Lucky Lass mine. This 
withdrawal will expire on August 9, 2013 (20 years) unless the withdrawal is extended (withdrawals 
can be extended for 20 years at one time). The USFS will request that the BLM continue to 
maintain a withdrawal of the area of the stockpiles from mineral entry. 

Inspection and Maintenance 

Two inspections would be performed each year to confirm that land use restrictions have been 
effectively implemented on private parcels and National Forest System lands: During the site 
inspections an evaluation of whether the land use restrictions have been violated (e.g., material 
moved from the stockpiles, constmction of housing etc.) on the private parcels and National Forest 
System lands within and adjacent to the Mines site would be performed. In addition, the private 
property owners would be contacted once per year to discuss the land use restrictions and potential 
future uses or property transactions that could affect the land with the stockpiled material. 
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Site n:iaintenance would be conducted during two site inspections per year (spring and fall). The 
maintenance would address damages to the perimeter fence, gates, locks, waming signs, and the 
monitoring wells caused by inclement weather or vandalism. 

Monitoring 

Monitoring of various environmental media would be conducted to determine if constituents of 
concem are migrating and to ensure that there would be no unacceptable long-term risk. Post-
remedial monitoring would be used to refine background levels, establish trends, and determinethe 
need for additional action, if necessaty. Sediment and surface water samples would be collected 
from Augur Creek. These samples would be collected upgradient of the protore stockpile, between 
the protore and overiDurden stockpiles, and downgradient of the overiDurden stockpile. The samples 
would be collected and analyzed annually and analyzed, at a m.inim.um., for arsenic and tota! 
uranium. 

Ground water samples also would be collected from alluvium and shallow bedrock wells upgradient 
and downgradient of the protore and overtDurden stockpiles. These depths are based on 
concentrations of radionuclides and inorganic constituents detected in the existing alluvium and 
shallow bedrock wells. Monitoring locations, sample frequency and indicator parameters will be 
defined in a site monitoring plan. Monitoring of ground water would ensure that the beneficial uses 
of ground water (aquatic life and livestock) are maintained and/or to establish trends. 

9.2.1.3 Alternative SP-3a: In-Place Containment 

Estimated Capital Cost: $4,316,000 

Estimated Annual O&M Cost: $68,000 

Estimated Present Worth Cost: $5,160,000 (7% discount rate for 30 years) 

Estimated Constmction Time frame: 5.5 months 

The objective of this altemative is to regrade the two White King stockpiles and place a separate 12-
inch soil cover over each stockpile. The access restrictions and monitoring components would be 
the same as those described in Altemative SP-2. Additional institutional control and inspection and 
maintenance requirements are added under this altemative to ensure the integrity of the two 
stockpile covers and prevent further erosion. This altemative would be performed in conjunction with 
a White King pond altemative that does not involve filling the pit with the stockpiled material (i.e.,. 
WKPW-1, WKPW-2, or WKPW-3). 

Stockpile Regrading 

The vvhite King stockpiles would be regraded to provide slope stability, promote drainage, control 
erosion, minimize the area that requires final cover, and move the stockpile materials away from 
Augur Creek. For the protore stockpile, approximately 93,000 cubic yards of material would be 
regraded. This includes 68,000 cubic yards of stockpile material and 25,000 cubic yards of off-pile 
and haul road material that would be excavated and placed on the protore stockpile. As part of the 
regrading the sideslopes of the protore stockpile located adjacent to Augur Creek would be moved 
20 feet away from the creek to reduce erosion during storm events. This would require the 
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movement of approximately 8,000 cubic yards of material, which is included in the 68,000 cubic 
yards of material noted above. The final slopes of the protore stockpile would be approximately 8 
percent on the top and 4:1 on the sideslopes. 

At the overtDurden stockpile, approximately 157,000 cubic yards of material would be regraded. This 
includes 132,000 cubic yards of stockpile material and 25,000 cubic yards of off-pile and haul road 
m.aterial that would be excavated and placed on the overiDurden stockpile. As with the protore 
stockpile, the sideslopes of the overiDurden stockpile located adjacent to Augur Creek would be 
moved 20 feet away fronn the creek to reduce erosion during stomn events. This would require the 
movement of approximately 19,000 cubic yards of material which is included in the 132,000 cubic 
yards of material noted above. The final slopes of the overtDurden stockpile would be approximately 
2 percent on the top and 13 percent on the sideslopes. 

Augur Creek Erosion Control 

In addition to the 20-foot setback from Augur Creek, the sideslopes of the stockpiles would be 
protected from the erosional forces of Augur Creek. The maximum bank velocities along the protore 
and overtDurden stockpiles based on a 500-year flood are 3.01 and 1.88 feet per second (ffsec), 
respectively. Because the slopes of the stockpiles that border Augur Creek would be potentially 
exposed to the erosional forces of Augur Creek, a 1-foot layer of 3 to 4-inch rip-rap to control 
erosion of stockpiles into Augur Creek would be constmcted. This size rip-rap would typically be-
appropriate to control erosion up to 5.5 ft/sec. 

Cover 

The final area to be covered is estimated to be 18 acres at each stockpile. During the regrading 
operation, materials of sand/gravel composition would be covered with regraded clay-like material 
from the stockpiles. A "Clay-like material" is a term used to describe stockpile materials that consist 
of mixtures of clay and, larger sized particles that exhibit significant plasticity in the field and low 
permeability in laboratoty tests. This clay-like material would be placed in an estimated 9-inch layer 
(24,000 cubic yards) on the protore stockpile and an estimated 15-inch layer (37,000 cubic yards) 
on the overtDurden stockpile. The estimated thickness of clay- like material is dependent on the 
volume of clay-like material that is regraded at each stockpile. Based on volume estimates, 24,000 
cubic yards and 37,000 cubic yards of clay-like material would be excavated and placed on the 
protore and overiDurden stockpiles, respectively, along with the sand/gravel like material. The 
compacted clay layer would further reduce the amount of precipitation that could infiltrate the 
stockpiles. After regrading and compacting, each stockpile would be covered with 9 inches of cover 
soil (24,000 cubic yards per stockpile) overiain by 3 inches of top soil (8,000 cubic yards per 
stockpile) and vegetation (18 acres per stockpile). The vegetation would likely consist of local climax 
vegetation (i.e., cooi season grasses that are dormant in the summer and do not require long-term 
irrigation or other shallow rooted plants). The appropriate vegetation would be determined during the 
design phase. Cover soi! could be borrowed from numerous sources including the Lucky Lass mine 
(1.5 miles from White King mine). National Forest System lands between the White King mine and 
Lucky Lass mine (1 mile from White King mine), as well as private sources located 3, 6, and 15 
miles from the Mines site. 
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Access Restrictions 

Access would be restricted by constructing a fence or barrier surrounding the stockpiles to prevent 
exposure to and dismption or use of the stockpile as described under Altemative SP-2. 

institutional Controls 

Institutional controls would include the mechanisms described for Altematives SP-2. In addition this 
altemative would also add restrictions to ensure the integrity of the two covers. No uses would be 
allowed which could penetrate the surface covers or impact their functional integrity. Placement of 
a deed notice can be made by EPA. 

Inspection and Maintenance 

Inspection and maintenance would include the land use assessment and maintenance activities 
described under Altemative SP-2. In addition, Altemative SP-3a would include inspection and 
maintenance requirements for the 12-inch soil covers and vegetation as well as the stormwater 
management system. As indicated under Altemative SP-2, two site inspections would be conducted 
each year. The first inspection in the spring would include assessment of the cover system and 
stormwater management system. 

The cover system would be inspected for areas of significant erosion. Erosion would primarily 
occur in the form of gullies along the steeper sideslopes. Significant erosion could be defined as 
one deep gully, or loss of vegetation and multiple shallow gullies. Design guidelines will be 
developed to prevent mn-on to the stockpiles via perimeter diversion swales and 
reducing/preventing gully propagation on the cover surface through the use of berms/swales located 
on the top slopes and sideslopes. These berms and swales will be sized to accommodate a 500-
year 24-hour storm event. The eroded areas will be backfilled with cover soil and topsoil, and 
reseeded/mulched. The cover system will also be inspected for signs of settlement and subsidence. 
Areas showing signs of potential ponding or continued settlement would be backfilled and repaired 
as described for erosion gullies. 

With respect to the stormwater management system, the drainage channels would be'inspected for 
excessive erosion damage or lack of suitable vegetation. Erosion gullies would be backfilled, 
seeded, and mulched. Additional straw bale barriers may be required to protect the repaired area 
until vegetation is reestablished. Regrading and backfilling may be required to correct the slope or 
erosion along the channel lengths. Areas that continually erode would be evaluated to determine 
the need for permanent riprap stmctures in these areas. Erosion control devices such as silt fences, 
hay bales, and/or jute or straw mats would be inspected during the first year following constmction 
completion. Silt fence posts that are no longer secure or vertical would be reinstalled. Damaged 
fabric would be repaired or replaced with new fabric. Hay bales that are no longer intact or secured 
to the subgrade would be replaced. If there is evidence that mnoff is passing around the hay bales, 
then the hay bales would be replaced or repositioned, or additional hay bales would be added. 
Damaged jute or straw mats that are no longer secure would be reinstalled, if necessaty, in the 
event vegetation has not been established. 
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IVIonitoring 

Monitoring of various environmental media would be conducted as described under Altemative SP-
2. . • 

9.2.1.4 Alternative SP-3b:Containment and Consolidation at Protore Stockpile Location 

As a result of input from the State agencies, and additional technical evaluation by EPA, Altemative 
SP-3b has been modified in hwo ways from its description in the FS. First, under this altemative the 
protore stockpile will be recontoured to insure that it is out of the Augur Creek Floodplain and in 
compliance with the floodplain and erosion standards of OAR 340-050-0060 and ORS 469.375. 
This will require excavation of approximately 138,000 cubic yards of the protore stockpile. 
(Altemative SP-3b in the FS included removal of 33,000 cubic yards of the Protore stockpile in order 
io set ii back 20 feet from Augur Creek. This modification adds 105,000 cubic yards of material to 
the volume of material to be moved as estimated in the FS). The second change is the addition of 
12 inches of soil to the consolidated stockpile (also referred to as the mine waste repositoty), 
resulting in a total soil cover thickness of 24 inches. This is a variation of cover "option B" 
presented in the FS which had a 12-inch soil and 6-inch rock cover. For the remainder of this ROD 
references to altemative SP-3b will include these two changes. 

Estimated Capital Cost: $6,249,000 

Estimated Annual O&M Cost: $54,000 

Estimated Present Worth Cost: $6,919,000 (7% discount rate fbr 30 years) 

Estimated Constmction Timeframe: two 5.5-month constmction seasons 

The objective of this altemative is to excavate and place the overtDurden stockpile at the White King 
mine onto the protore stockpile at White King. 

Stockpile Regrading 

The Protore Stockpile will be reconfigured in order to remove stockpile material from the Augur 
Creek floodplain. It is estimated that approximately 138,000 cubic yards of material will need to be 
moved. Figure 11=1 shows a conceptual design of the reconfigured protore stockpile, with the 
overiDurden stockpile on top, in relation to the Augur Creek floodplain and other major features at 
the Mines site. 

The overtDurden stockpile (430,000 cubic yards) and off-pile, including portions of Augur Creek 
(35,000 cubic yards) and haul road material (15,000 cubic yards) will be excavated and relocated on 
top of the reconfigured protore stockpile. This material will be subsequently covered with regraded 
clay-like matenai. v-'iay-iike miatenai rs a tenri useu to uescnue stockpile matenais that consist oi 
mixtures of clay and larger sized particles that exhibit significant plasticity in the field and low 
permeability in laboratoty tests. The clay-like overtDurden would be compacted to impede burrowing 
animals. Field observations of the stockpiles indicate no presence of burrowing animals and 
suggest the overtDurden material is not physically suited for constmcting bunrows. Excavation of the 
480,000 cubic yards of overtDurden stockpile and off-pile and haul road material will occur during the 
first constmction season. Cover constmction and planting of native grasses will occur during the 
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second constmction season. In addition, the second construction season will allow time for any 
additional regrading that might not have been completed during the first constmction season. 

Cover 

A two-foot soil cover will be placed, over the Mine waste repositoty. The total area that will require 
cover material is approximately 25 acres. The remedial design for the consolidated stockpiles shall 
include the following features: a low permeability lower layer utilizing the maximum thickness of 
regraded clay-like material over the top of the stockpile, use of natural features or drainage swales 
and french drains to divert surface water away from the consolidated stockpile, and to the extent 
practicable the final stockpile configuration shall fit into the natural topography. Figure 11-2 shows a 
more detailed view of the proposed design features of the consolidated stockpiles. Figure 11-3 
depicts a cross section of the consolidated stockpile and Figure 11-4 illustrates several potential 
design features of the consolidated stockpile. The final slopes of the stockpile will be approximately 
4 percent on the top and 5:1 on the sides. The vegetation will consist of local climax vegetation (i.e., 
cool season grasses that are dormant in the summer and do.not require long-term irrigation). The 
appropriate vegetation will be determined during the design phase. General cover soil can be 
borrowed from numerous sources including the Lucky Lass mine (1.5 miles from White King mine). 
National Forest System lands between the White King mine and Lucky Lass mine (1 mile from 
White King riiine), as well as private sources located 3, 6, and 15 miles from the Mines site. The 
soil cover shall also include a storm water collection system to reduce the potential for erosion from 
or pooling of surface water. Final details on the soil cover and stockpile configurations will be 
disveloped during the design. 

Reclamation 

After excavation of the overtDurden stockpile, portions of the protore stockpile and off-pile and haul 
road areas, the disturiDed areas will be reclaimed/revegetated with 3 inches of soil. The vegetation 
will consist of local climax vegetation (i.e., cool season grasses that are dormant in the summer and 
do not require long-term irrigation). The total area requiring reclamation/ revegetation is estimated to 
be 36 acres. Based on field observations during the Rl, meadow areas situated on and 
downgradient of the stockpiles displayed characteristics (i.e., hydrophylic vegetation, hydric soils, 
and hydrology) satisfying the criteria for identification of a wetland area as outlined in the 1987 
Corps of Engineers Wetland Delineation Manual (ACE, 1987). If there are any potential impacts on 
the wetlands due to the implementation of the final remedy, the remedial design will need to 
address these impacts. 

Access Restrictions 

Access would be restricted by constructing a fence or barrier sun-ounding the stockpile as described 
under SP-2 with the exception that the linear footage of fence would be less than fencing two 
stockpiles. 

Institutional Controls 

Land use restrictions will be put in place to prevent removal or r;esidential use of stockpile material, 
installation of ground water wells, and to protect the integrity of the stockpile cover as described for 
Altematives SP-2 and SP-3a. 
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Inspection and Maintenance 

The White King waste repositoty cover will be inspected at a minimum of two times per year. The 
first site inspection will be conducted as soon as the Mines site is accessible in the spring (i.e., mid-
May) and the second inspection will be conducted in late summer/eariy fall. The inspections will 
focus on the soil cover, sideslopes, perimeter fence, gates, locks, waming signs, and monitoring 
wells that could have been damaged by inclement weather or vandalism. Repairs will be conducted 
as necessaty to correct the effects of settling, subsidence, erosion, vandalism, or other events to 
insure the integrity and effectiveness of the stockpile remedy. Visual indicators such as stressed 
vegetation, pooling of surface water indicating subsidence, also will be used to monitor effectiveness 
and integrity of the soil cover. The specific details for the stockpile monitoring and maintenance plan 
will be developed in design. (Additional details on maintenance of the stockpile is discussed later in 
this Section). 

Confirmation that land use restrictions are effectively implemented will be assessed during site 
inspections. During the Mines site inspections, the private property and National Forest System 
lands within and adjacent to the Mines site will be assessed as to whether the land use restrictions 
have been violated (e.g., material removed from the stockpiles, constmction of housing etc.). 

Maintenance of the consolidated stockpile will include inspection and repair of the fences/physical 
barrier, gates, locks, waming signs, monitoring wells. 

Monitoring 

Monitoring of various environmental media would be conducted as described under Altemative SP-
2. 

9.2.1.5 Alternative SP-4a: Consolidation & Containment of the White King Stockpiles within 
the White King Mine Pit. 

Estimated Capital Cost: $10,828,000 

Estimated Annual O&M Cost: $55,000 

Estimated Present Worth Cost: $11,510,000 (7% discount rate for 30 years) 

Estimated Constmction Timeframe: two 5.5-month constmction seasons 

The objective of this altemative is to excavate the White King stockpiles, dewater the White King 
pond, place the stockpile material within the empty pond, and provide a cover. Implementation of 
this altemative would include maintenance and monitoring to ensure the integrity of the cover. 
Institutional controls, access restrictions, monitoring components, and inspection and maintenance 
are the same as described in Alternatives SP-2 and SP-3a. This altemative would be implemented 
in coordination with a selected altetriative for the White King pond that required dewatering of the 
pit. 
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White King Mine Pit Dewatering 

The dewatering process would be determined by the altemative for the White King pond. 
Depending on the altemative selected for the White King pond, water may or may not be further 
treated prior to dewatering and may be discharged either to surface waters or applied to the land _ 

Consolidation and Containment of the White King Stockpiles Within the White King Mine Pit 

The excavation, transport, and placement of soil materials contained in the overtDurden and protore 
stockpiles would likely occur over the period of two construction seasons, which are assumed to last 
from 15 May through 31 October. During the first season, the White King Mine pit would be 
dewatered and backfilled with soil from both the protore and overtDurden stockpile to an elevation a 
few feet above the current pond's normal water elevation, and graded to prevent ponding and 
promote surface water drainage. This also would include limited excavation to remove off-pile areas 
(35,000 cubic yards. Erosion control measures (silt fence and/or hay bales) would be established 
around the overtDurden and protore stockpiles and the material within the White King Pond to reduce 
the transport of material off-site during storm events. During the second season, the remaining soil 
(based on visual obsen/ations of meadow) from both the protore and overiDurden stockpiles would 
be excavated and transported to the mine pit. The haul road (15,000 cubic yards) would also be 
excavated. The material would be placed in a manner that joins the high wall to the west of the 
mine pit with the north, south, and east portions of the Mines site and regrades the area to the 
approximate surrounding topography. 

It is estimated that approximately 930,000 cubic yards of stockpile material and 50,000 cubic yards 
of off-pile and haul road material would be placed within and above the White King Mine pit. It takes 
approximately 391,000 cubic yards of material to fill the pit to the current pond water elevation. 
Clay-like material would be placed first into the White King Mine pit to form a 20-foot layer of low 
permeability material. This would require approximately 240,000 cubic yards of the clay-like material. 
The sand/gravel stockpile matenal (151,000 cubic yards) would be placed in.the remainder of the 
volume below the water table. A 15- to 20-foot low permeability layer would be constmcted along the 
highwall with the clay- like material. The remainder of the sand/gravel material (223,000 cubic yards) 
would be placed above the cun'ent pond water elevation and encapsulated with the clay-like 
stockpile material along the highwall and by the 5-foot clay cover. The total volume of clay-like 
material above the water table is approximately 317,000 cubic yards. During the alter design phase, 
the most efficient method for material handling (i.e., scrapers, dump tmcks, and/or conveyor belts) 
would be determined. The soil would be placed in loose lifts of 12 inches and compacted. 

Backfill placement would occur in a manner that allows the displacement of water toward the mine 
shaft. Pumping operations from the mine shaft.area would continue as the shaft was surrounded 
with soil. At this point, soil would be pushed directly into the mine shaft: Pumping operations would 
continue as soil in the mine shaft displaced water. If determined necessaty in the field (i.e., high 
ground water flow or AMW), the mine shaft would be filled with soil material. With the mine shaft 
filled, the pumping platform would be removed from the shaft area and placed into a sump area, 
which is below the mine shaft. The mine shaft would then be grouted with a cement-based grout 
mixture. Grout holes would be drilled into the soil placed in the mine.shaft area at approximate 5-foot 
inten/als. The grout hole would be filled with grout through an injection pipe placed at the base of the 
mihe. The grout mixture would seal mine voids and further stabilize soil within the mine shaft. Soil 
placement activities in the mine pit would continue as mine grouting progressed. Soil would be 
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placed, graded, and compacted in a manner that provides drainage to the sump area. Soil 
backfilling and placement would continue-until the mine pit was backfilled to an elevation a few feet 
above the existing pond water elevation. 

During the second constmction season excavation would begin at the protore stockpile. The soil 
excavation, transport, and placement processes; the engineering controls; would be similar to those 
used during the first constmction season. The remaining soil from the stockpiles would be placed to 
join the high wall to the west of the mine pit with the adjacent topography. It is estimated that the 
remaining 480,000 cubic yards of material in the stockpiles would be relocated in approximately four 
consecutive months. 

Temporary and Final Reclamation 

The areas requiring temporaty and final reclamation include the overtDurden stockpile, the protore 
stockpile, the White King pit, and the off-pile areas. Following the excavation of material from the 
stockpiles during the first constmction season, the stockpile areas would be graded to provide for 
positive drainage. The stockpiles, the mine pit area, and the off-pile areas would be regraded and 
sun-ounded with a silt fence and/or hay bales until the second constmction season! Once the soil • 
from the both of the stockpiles has been placed into the mine pit area, both the overtDurden and 
protore stockpile areas and the mine pit area would be graded to promote positive drainage; these 
areas would then be revegetated. Additionally, silt fencing would be installed or existing fencing 
would be repaired to control the erosion and the migration of sediment until the seed established a 
suitable cover over these areas. Augur Creek would be relocated to its original meandering pattem. 
The final configuration of the creek would be determined during the design phase. As discussed for 
Altemative SP-3a, if there are any impacts on the wetlands due to the implementation of the final 
remedy, the remedial design would address these impacts. 

Cover 

The cover for this altemative would consist of 9-inch cover soil layer (28,000 cubic yards) overiain by 
3 inches of topsoil (9,500 cubic yards) and vegetation (23 acres). Five feet of clay-like material 
would underiay the 12-inch cover. The cover soil and topsoil would be obtained from similar sources 
as identified for Altemative SP-3a. Inspection and Maintenance of the cover system would be similar 
to Altemative SP-3a.. 

9.2.1.6 Alternative SP-4d: Consolidation & Containment of the White King Stockpiles within 
the White King Mine Pit using a Permeable Treatment Wall. 

Estimated Capital Cost: $11,314,000 

Estimated Annual O&M Cost: $55,000 

Estimated Present Worth Cost: $11,996.000 (7% discount rate for 30 years) 

Estimated Constmction Timeframe: two 5.5-month constmction seasons 

The objectives of this altemative are the same as Altemative SP-4a, except that a permeable 
limestone wall would also be used in the pit in the direction of ground water flow in order to provide 
further protection from generation of acid mine drainage. The purpose of the treatment >yvall is to 
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neutralize any acid rock drainage'that potentially could be generated from either the stockpile 
material or the pit walls and impact ground water. The amount of limestone needed to neutralize the 
potential acidity is estimated to be 4,500 tons. The limestone layer would be placed such that the 
stockpile materia! can be placed on the limestone layer. Other neutralizing agents like quicklime or 
hydrated lime may also be considered instead of limestone in the constmction of a permeable 
treatment wall. 

9.2.1.7 Alternative SP-5: Excavation of Stockpiles and Disposal in a new "Off-Mine" 
Disposal Cell. 

Estimated Capital Cost: $26,116,000 

Estimated Annual O&M Cost: $61,300 

Estimated Present Worth Cost: $26,840,000 (7% discount rate for 30 years) 

Estimated Constmction Timeframe: three 5.5-month constmction seasons 

The objective of this altemative is to dewater the White King pond, constmct an engineered 
disposal cell located away from the mined area, place the excavated material from constmction of 
the cell into the White King Mine pit, excavate and place the stockpiles into the disposal cell, and 
restore the stockpile areas with topsoil. The below-surface disposal cell would be constmcted in a 
location above any influences of ground water. A compacted clay layer would be placed on the 
bottom of the cell and the cover would be. a 12- inch soil as described in SP-3a. The tentative 
location of the new cell would be northwest of the Mines site on National Forest System Lands. 

Institutional controls, access restrictions, monitoring components, and inspection and maintenance 
are the same as described in Altemative SP-3b. 

"Off-Mine" Location 

The area for constmction of the disposal cell that met the screening guidelines in the FS was 
Altemate site A, located northwest of the White King Mine on National Forest System lands. This 
site sits on a basalt flow. According to the DEIS, the thickness of the basalt flow extends beyond 
160 feet in depth. The site ranges from about 100 to 160 feet in elevation above Augur Creek. It 
was proposed that the disposal cell be placed into the hillside on the south-facing slope. Excavation 
into the hillside would allow for disposal of .about 90 percent of the material below natural grade. For 
the purposes of evaluating the feasibility of an "off-mine" disposal altemative, Altemate site A was 
considered representative for an Aoff-mine® location. 

White King Mine Pit Dewatering 

The dewatering process would be determined by the altemative for the White King pond. 
Depending on the altemative selected for the White King pond, water may or may not be further 
treated prior to dewatering and "may be discharged either to surface waters or applied to the land. 
These altematives are discussed in Section 9.3.2. 
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Consolidation/Containment of the Stockpiles Within the Cell and Backfill White King Mine 
Pit with Basalt Material 

During the first season, the White King Mine pit would be dewatered and backfilled with excavated 
disposal cell material to an elevation "approximately 5 feet above the cun-ent pond's normal water 
elevation, and graded to prevent ponding and promote surface water drainage. Constmction and 
placement of stockpile material within the disposal cell would occur over three constmction seasons. 
This would also include limited excavation to move off-pile areas .at the Mine to the disposal cell. 
Clearing and gmbbing of Alate serai® timber (18 acres) on land subject to Forest Sen/ice 
management requirements would also be needed at the cell location. Erosion control measures 
would be established around the overiDurden and protore stockpiles and the material within the 
White King Pond to reduce the erosion of material off-site during storm events. The selection of 
stockpile materials to be placed in the cell could vaty based on the physical, chemical and 
radiological properties. During the second and third season, the remaining soil from both the protore 
and overtDurden stockpiles would be excavated and transported to the cell. 

It is estimated that approximately 930,000 cubic yards of stockpile material and 50,000 cubic yards 
of off-pile and haul road material would be placed within the cell. Approximately 18 acres of area 
would require clearing and gmbbing to prepare the area for disposal cell constmction. Late Serai 
trees and shmbs would be removed and disposed off-site. The cell would consist of regraded 
compacted clay-like material at the bottom. The cell would be constmcted with clay-like stockpile 
material encapsulating the sand/gravel stockpile material with the higher arsenic and radium-226 
containing material at the base of the cell. The cover would consist of a 9-inch cover soil layer 
(18,500 cubic yards) overiain by 3 inches of topsoil (6,000 cubic yards) and vegetation (15 acres). 

Temporary and Final Reclamation 

The areas requiring temporary and final restoration include the overburden stockpile, the protore 
stockpile, the White King Mine Pit, the off-pile areas, and the cell area. Following the excavation of 
material from the stockpiles during the first and second constmction season, the stockpile areas, the 
mine pit and the cell would be graded to provide for positive drainage and surrounded with a silt 
fence and/or hay bales. Once the soil from both the stockpiles has been placed into the cell and the 
mine pit backfilled with the basalt material during the third constmction season, both the overtDurden 
and protore stockpile areas and the mine pit would be graded to promote positive drainage; these 
areas would then be revegetated. Additionally, silt fencing would be installed or existing fencing 
would be repaired to control the erosion and the migration of sediment until the seed establishes a 
suitable cover over these areas. Augur Creek would be relocated to a meandering pattem similar to 
the original meandering pattem. The final configuration of the creek would be detentiined during the 
design phase. As discussed for Altemative SP-3a, if there are any impacts on the wetlands due to 
the implementation of the final remedy, the remedial design would address these impacts. 

9.2.1.8 Consolidation/Containment of the Stockpiies Within the Cell and Backfill White King 
ie Pit with Basalt Material 

During the first season, the White King Mine pit would be dewatered and backfilled with excavated 
disposal cell material to an elevation approximately 5 feet above the current pond's norma! water 
elevation, and graded to prevent ponding and promote surface water drainage. Constmction and 
placement of stockpile material within the disposal cell would occur over three constmction seasons. 
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This would also include limited excavation to move off-pile areas at the Mine to the disposal cell. 
Clearing and gmbbing of "late serai" timber (18 acres) on land subject to Forest Service 
management requirements would also be needed at the cell location. Erosion control measures 
would be established around the overtDurden and protore stockpiles and the material within the 
White King Pond to reduce the erosion of material off-site during storm events. During the second 
and third season, the remaining soil from both the protore and overiDurden stockpiles would be 
excavated and transported to the cell. 

It is estimated that approximately 930,000 cubic yards of stockpile material and 50,000 cubic yards 
of off-pile and haul road material would be placed within the cell. Approximately 18 acres of area 
would require clearing and gmbbing to prepare the area for disposal cell constmction. Late sera! 
trees and shmbs would be removed and disposed off-site. The cell would consist of regraded 
compacted clay-like material at the bottom. The cell would be constmcted with clay-like stockpile 
material encapsulating the sand/gravel stockpile material. The cover would consist of a 9-inch cover 
soil layer (18,500 cubic yards) overiain by 3 inches of topsoil (6,000 cubic yards) and vegetation (15 
acres). 

Temporary and Final Reclamation 

The areas requiring temporary and final restoration include the overburden stockpile, the 
protore stockpile, the White King Mine Pit, the off-pile areas, and the cell area. Following the 
excavation of material from the stockpiles during the first and second construction season, the 
stockpile areas, the mine pit and the cell would be graded to provide for positive drainage and 
surrounded with a silt fence and/or hay bales. Once the soil from both the stockpiles has been 
placed into the cell and the mine pit backfilled with the basalt material during the third 
constmction season, both the overiDurden and protore stockpile areas and the mine pit would 
be graded to promote positive drainage; these areas would then be revegetated. Additionally, 
silt fencing would be installed or existing fencing would be repaired to control the erosion and 
the migration of sediment until the seed establishes a suitable cover over these areas. Augur 
Creek would be relocated to a meandering pattern similar to the original meandering pattern. 
The final configuration of the creek would be determined during the design phase. As discussed 
for Alternative SP-3a, if there are any impacts on the wetlands due to the implementation of the 
final remedy, the remedial design would address these impacts. 

9.2.2 White King Pond Water Alternatives 

The alternatives considered for the water-filled excavation pit located in the White King Mine 
area include leaving the pond water in place, or pumping and discharging the pond water. The 
alternatives considered in-situ treatment, ex-situ treatment, or no treatment of the water to raise 
the pH level. Selection of an altemative for the pond water is interrelated to the selected 
alternative'for addressing the White King stockpiles. 

Summary of White King Pond Neutralization 

During the period of preparation and review of the FS report, KMC proposed and EPA agreed 
to test neutralization of the White King pond. Prior to the neutralization effort, the pH level in 
the pond ranged from 3 to 4.5. Natural surface water typically has a pH level around 7 which is 
considered neutral. The neutralization effort consisted of adding lime to the White King pond 
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during two events in 1998. The primary application was conducted on August 18, 1998, when 
approximately 9,000 Ibs. (dty weight) of hydrated lime was applied in a slurty. A second 
application of lime occurred on September 13, 1998, and consisted of 200 lbs of hydrated lime 
apportioned in four paper sacks. Each sack was allowed to sink into the deepest location of the 
pond in order to target the more acidic pond water observed below the 40-foot depth. 
Monitoring of the pond occurred on a weekly or bi-weekly basis until November 19, 1998 (See 
Table 9-1). The results indicated that the vast majority of the pond water had a pH range from 
6-7. An exception was found at the deepest portion of the pond where the pH level remained 
around 4. Analytical results for the neutralized pond water also showed substantially decreased 
levels (i.e., were precipitated by the lime application) of aluminum, betyllium, iron, zinc, and 
arsenic meeting all Oregon water quality criteria except for pH. 

Monitoring of the pond in the spring and summer of 1999 showed that the pH level was 
beginning to decrease in the deepest portions of the pond. In October 1999 additional 
limestone rock was added to the deepest part of the pond to address ongoing acid generation 
and provide a more uniform and consistent buffering capacity. No further pond monitoring has 
been conducted since October 1999. 

Table 9-1 compares the White King pond water quality, after the 1998 Pond Water 
Neutralization .Study, with the PRGs (based on 1 x 10'® protection level for a recreational user) 
and Summer and Goose Lake Basin Ambient Water Quality Standards. As.shown in Table 9-
1, with the exception of pH all PRGs and measured water quality criteria were met following the 
1998 pond neutralization. 

Results of the test neutralization indicate the pond can be neutralized. However, maintaining 
neutrality may require ongoing addition of neutralizing agents. 

9.2.2.1 Alternative WKPW-1. No Action 

Estimated Capital Cost: $0 

Estimated Annual O&M Cost: $0 

Estimated Present Worth Cost: $0 

Estimated Construction Time frame: None 

This altemative is used for comparison to other alternatives and does not include any type of 
action. No additional cost would be associated with this alternative. This altemative addresses 
the pond after the neutralization tests conducted in October 1999. ' 

9.2.2.2 Alternative WKPW-2. Storm Water Manaqement and Pond fWonitorinq 

Estimated Capital Cost: $237,000 

Estimated Annual O&M Cost: $24,000 

Estimated Present Worth Cost: $535,000 (7% discount rate for 30 years) 

Estimated Construction Time frame: none 
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This altemative consists of stormwater management and monitoring.. Under this alternative no 
additional actions would be taken to maintain a neutral pH level in the pond. 

Stormwater Management 

Under this alternatives a diversion ditch would be constmcted around the top of the highwall to 
collect and direct stormwater and minimiize further erosion of the highwall. 

Monitoring 

Monitoring of ground water and pond water would be conducted twice per year to determine if 
constituents of concern are migrating and to ensure that there is no unacceptable risk from 
constituent migration through transport pathways. Post-remedial monitoring would be used to 
refine background levels, establish baseline t.rends, and determine the need for additiona! 
action, if necessaty. 

Ground water samples would be collected from alluvium and shallow bedrock wells upgradient 
and downgradient of the White King pond and analyzed, at a minimum, for total uranium, 
arsenic, and sulfate which act as indicator parameters. Monitoring of ground water would 
establish trends to ensure that the beneficial uses of ground water, are maintained. 

White King.pond water samples also would be collected and analyzed twice per year, at a 
minimum, for arsenic, aluminum, and pH. 

9.2.2.3 Altemative WKPW-3: Manaaement of Pond Water Using In-Situ Neutralization 

Estimated Capital Cost: $237,000 

Estimated Annual O&M Cost: $61,000 

Estimated Present Worth Cost: $994,000 (7% discount rate for 30 years) 

Estimated Construction Time frame: ongoing 

Altemative WKPW-3, as described in the FS, was modified to address State and community 
input. These modifications include: the addition of controls to limit access and use of the pond 
while the neutralization is being evaluated; and, an expanded monitoring program to evaluate 
the effectiveness of neutralization and risks associated with arsenic in pond water and 
sediments. The following description of Alternative WKPW-3 incorporates these changes. 

Stormwater Management 

As in Alternative WKPW-2 a diversion ditch would be constmcted around the top of the highwall 
to collect and direct storm'vvater and minimize further erosion of the highwall. 

in Situ Neutralization 

The pond water would be maintained at a neutral pH through periodic addition of pulverized 
limestone, limestone rock, hydrated lime or other neutralizing agents like soda ash. The 
limestone application rate and frequency is a function of factors such as existing water quality, 
source of acidification, volume of water, residence time of pond water, limestone application 
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method, and limestone type, purity and particle size. The frequency and rate of liming would be 
determined during the design. 

Post-Neutralization Pond Management 

In addition to the liming, fertilizer may be added to the pond to stimulate primaty biological 
activity-. The biomass that would be produced from the biological activity would settle to the 
bottom of the pond and begin to develop a cover over the existing sediments. Any additional 
application volume and frequency of the fertilizer would be determined during the design and 
remedial action phase and will depend on the monitoring results. 

Access Restrictions 

Physical restrictions, such as fencing, would be required to control access to the pond while 
neutralization efforts and sediment risks are being evaluated. In order to prevent access by 
humans, livestock or medium-to-large animals, a bartDed-wire fence or chain-link fence could be 
constmcted around the pond. These restrictions may be eliminated in the future depending on 
the success of neutralization and the results of the sediment toxicity evaluation. 

Institutional Controls 

Land use restrictions would be put in place to prevent any use of the pond, such as for 
residential, recreational, or agriculture purposes and to prevent installation of ground water 
wells around the pond. Because the White King pond is located on both National Forest System 
Lands and private property, different mechanisms for land use restrictions would be required: 

For private property land use restrictions would include proprietaty controls such as an 
equitable servitude and easement (consistent with ODEQ's "Final Guidance for Use of 
Institutional Controls" (ODEQ, 1998). This is a legal instmment placed in the chain of title that 
provides access rights to a property for inspection and maintenance and monitoring to prevent 
use of the pond and installation of drinking water wells. This type of control shall be set forth in 
an EPA and ODEQ-approved form mnning with the land and enforceable by EPA and DEQ 
against present and future owners of the property. As an informational device the Mines site 
would be maintained on DEQ's Environmental Cleanup Site Information Database as long as 
the institutional controls remain in effect. One additional informational device is a deed notice 
to inform property owners of the existence of contamination in the White King pond. Placement 
of a deed notice can be made by EPA. 

For National Forest Systems Land, an amendment to the Forest Plan (attached to this ROD) 
was made by the Forest Service to prohibit various uses of the Mines site including the White 
King pond. The uses restricted for the pond include residential, recreational use, and 
agricultural use. (See Section 12.2.1 for a complete discussion of these prohibitions). The 
area of the Mines site was also withdrawn from mining by the Bureau of Land Management 
(BLM) on August 9, 1993 to protect the rehabilitation work to be done on the White King and 
Lucky Lass mine. This withdrawal will expire on August 9, 2013 (20 years) unless the 
withdrawal is extended. The USFS would request that the BLM continue to maintain a 
withdrawal of the area of the stockpiles from mineral entty. • -
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Inspection and Maintenance 

Site inspections would be conducted twice per year. The inspection and maintenance activities 
would include inspection and repair of fences, gates, locks, warning signs, and monitoring wells 
caused by inclement weather or vandalism. 

Monitoring 

The monitoring of ground water and pond water are similar to that described for Alternative 
WKPW-2. Additional monitoring is added under this alternative to address the pond sediments 
and effectiveness of neutralization. 

The monitoring/sampling of the pond (water and sediments) and ground water (including any 
surface discharge) will occur at a minimium of two times per year. A monitoring plan including a 
quality assurance program plan and a sampling plan would be submitted for EPA approval 
during the remedial design. The overall purpose of the monitoring is to detennine the 
effectiveness of pond neutralization, 1o refine background levels, establish trends and further 
evaluate the risk associated with pond water and sediments. Specific objectives include: 
Improve the conceptual site model for the pond; describe the geochemical processes affecting 
pond chemistty and aquatic life; identify the sources, nature and extent of COCs in sediments; 
and, evaluate toxicity, bioavailability, and species exposure to pond sediments. 

The results of each seasons sampling and monitoring data would by reviewed annually by the 
EPA. The infonnation will be evaluated to detennine if the pond neutralization is effective and 
what risks are associated with pond sediments. Based on limited sampling data risks have 
already been associated with pond sediments. Further evaluation of risks should utilize site-
specific factors such as chemical bioavailability and toxicity using specific organisms of concem 
that typically inhabit similar environments. At a minimum the following factors shall be 
considered during this evaluation: 

• As specified in OAR 340-122-0115 acceptable risk level for populations of 
ecological receptot-s" means a 10 percent chance, or less, that no more than 20 
percent of the total local population.will be exposed to an exposure point value 
greater than the ecological benchmark value for each contaminant of concern 
and no other observed significant adverse health effects on the health or viability 
of the local population. 

"Ecological benchmark value" means the no-observed-adverse-effect level 
(NOAEL) for individual ecological receptors consideri.ng effects on reproductive 
success or the medial lethal dose or concentration (LD50 or LC50) for 
populations of ecological receptors. 

9.2.2.4 Alternative WKPW°4: Land Application of Pond Water without additiona! In-situ 
Treatment 

Estimated Capital Cost: $1,624,000 

Estimated Annual O&M Cost: $0 

Estimated Present Worth Cost: S1,624,000 (7% discount rate for 30 years) 
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Estimated Construction Time frame: 60 days 

The objective of this alternative is to pump the White King pond and dispose of the water on the 
land within the immediate vicinity of the Mines site. The area needed for land application is 
estimated to be approximately 300 acres. This altemative would be implemented in 
coordination with a selected alternative for the White King stockpiles addressing 
consolidation/containment of stockpiles within the .mine pit. No additional treatment of water 
would occur prior to land application. 

White King Mine Pit Dewatering 

The dewatering process for the mine pit would be accomplished using pumps mounted on a 
floating platform. To empty the pond in a one-month period, a pump or a combination of pumps 
capable of removing approximately 3,400 gpm would be required. Using a 30 percent safety 
factor, it is estimated that the pond would be dewatered at a pumping rate of 4,500 gpm for 30 
days. Based on existing meteorological data, approximately 0.7 inch of rainfall could be 
expected during the dewatering process. The additional volume of water generated from rainfall 
is not expected to delay the dewatering process. Pumping operations would be monitored and 
maintained by operators 24 hours per day. Water removed from the pond would be managed in 
accordance with the selected alternative for the White King pond water! 

Land Application 

As discussed above, the dewatering rate needed to dewater the pond in 30 days is estimated to 
be 4,500 gpm. The recommended system in the FS for land application was a pressurized 
overhead sprinkler system with a manifold to allow water to be diverted to various areas during 
the dewatering period. The final selection of the type of land application system and locations 
would occur during the design phase. Based on the EPA slow rate design method, it was 
recommended that the maximum land application rate should be 1-inch per. day. Based on the 
design dewatering rate of 4,500 gpm and a design land application rate of 1-inch per day, the 
area needed for land application is estimated to be 238 acres. Using a safety factor of 1.25, the 
maximum area needed for land application is estimated to be 300 acres. 

9.2.2.5 Alternative WKPW°5a: Land Application of Pond Water after Additional in-Situ 
Treatment. 

Estimated Capital Cost: $1,664,000 

Estimated Annual O&M Cost: $0 

Estimated Present Worth Cost: $1,664,000 (7% discount rate for 30 years) 

Estimated Construction Time fram.e: 60 days 

This alternative is the same as the Alternative WKPW-4, except that the pond water would be 
treated, if necessaty, before being applied to the land in order to meet any applicable land 
application requirements. The in situ neutralization of the White King pond water is the same as 
described for Alternative WKPW-3. This altemative would be implemented in coordination with 
a selected altemative for the White King stockpiles addressing consolidation/containment of 
stockpiles within the mine pit. 
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9.2.2.6 Alternative WKPW-5b: Surface Water Discharqe of Pond Water after Additiona! 
8n-Situ Treatment 

Estimated Capital Cost: $891,000 

Estimated Annual O&M Cost: $0 

Estimated Present Worth Cost: $891,000 (7% discount rate for 30 years) 

Estimated Construction Time frame: 60 days 

Alternative WKPW-5b is the same as Alternative WKPW-4 except that the treated water would 
be discharged to Augur Creek. This altemative would be implemented in coordination with a 
selected alternative for the White King stockpiles addressing consolidation/containment of 
stockpiles within the mine pit. The dewatering comiponent would be the same as discussed for 
Altemative WKPW-4. The treatment and discharge components are described below. 

Surface Water Discharge 

Under this altemative, the treated pond water would be discharged to Augur Creek at a rate of 
approximately 4,500 gallons per minute pr 10 cubic feet/second. A riprap outfall structure would 
be constmcted to prevent erosion of the Augur Creek which has nonnal flows ranging from 3 to 
150 cfs depending on the time of year. Thus, only limited erosion control may be necessaty to 
protect Augur Creek during discharge from the pond. Following the completion of the mine pit 
dewatering, the outfall structure would be removed. 

9.2.2.7 Alternative WKPW-6a: Land Application of Ex-situ Treated Pond Water. 

Estimated Capital Cost: $1,731,000 

Estimated Annual O&M Cost: $0 

Estimated Present Worth Cost: $1,731,000 (7% discount rate for 30 years) 

Estimated Constmction Time frame: 60 days 

The objective of this alternative is to pump the White King pond water, conduct ex-situ 
treatment, and then land apply the water over a large on-site area. This altemative is the same 
as the Altemative WKPW-4, except that the pond water would be neutralized ex-situ before the 
land application. The neutralized water would also go through portable sand media filters prior 
to land application. The details of ex-situ treatment are presented below. 

Ex-situ Treatment 

The ex-situ treatment would consist of raising the pH of the pond water to between 7 and 8. 
Based upon estimates in the FS a total of approximately 21 tons of 50% sodium hydroxide 
(using a safety factor of 1.5 to account for uncertainties associated with the initial pH, volume of 
water, and effectiveness during application) would be required to neutralize the acidity of the 
pond. 

9 - 19 



8 

8 While Kin.g/Lucky Lass Record of Decision 

The ex-situ pH adjustment can be performed either in-line or in a tank. For purposes of the FS 
in line pH adjustment is discussed. For in-line pH adjustment, it is estimated that an analyzer, 
sensor probes, a 12-inch cariDon steel static mixer, and an injection assembly can be mounted 
directly on the main line of the land application system. Sodium hydroxide would be fed directly 
into the pipeline and the pH adjustment would take place inside the pipeline. A control system 
would be used to ensure appropriate chemical addition rates. A chemical feed system would be 
needed. The chemical feed system would consist of a 5,000-gallon polyethylene tank (chemical 
storage tank), a 100-gallon polyethylene tank (day tank), a chemical feed pump, and an 
agitator. The selection of the appropriate pH adjustment equipment would take place in the 
remedial design process. The neutralized water would go through portable sand media filters to 
remove any precipitates pripr to land application. 

9.2.2.8. Alternative WKPW-6b: Surface Water Discharqe of Ex-Situ Treated Pond Water 

Estimated Capital Cost: $1,011,000 

Estimated Annual O&M Cost: $0 . 

Estimated Present Worth Cost: $1,011,000 (7% discount rate for 30 years) 

Estimated Construction Time frame: 60 days 

This alternative is the same as WKPW-5b except that the treatment of pond water would take 
place ex-situ. 

Altemative WKPW-6b involves pumping the White King pond water, performing ex-situ 
treatment, and then discharging the water to Augur Creek. This alternative is the same as the 
Altemative WKPW-5b except that the treatment of pond water would take place ex-situ. The 
ex- situ pH adjustment would be the same as discussed in the Altemative WKPW-6a. 

9.2.3 Lucky Lass Stockpile Alternatives 

9.2.3.1 Alternative LL-1: No Action. 

Estimated Capital Cost: $0 

Estimated Annual O&M Cost: $0 

Estimated Present Worth Cost: $0 

Estimated Construction Time frame: None 

CERCLA requires evaluation of a no-action alternatives as a baseline reflecting current conditions 
•vvithout any cleanup effort. This alternative is used for comparison to each of the other 
alternatives. 

9.2.3.2 Alternative LL°2: institutional Controls 

Estimated Capital Cost: $169,000 

Estimated Annual O&M Cost: $15,000 
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Estimated Present Worth Cost: $355,000 (7% discount rate for 30 years) 

Estimated Construction Time frame: one. month 

This alternative consists of institutional controls, access restrictions, and inspection and 
maintenance similar to Alternative SP-2. No monitoring of environmental media is included. 

Access Restrictions 

Physical restrictions to reduce access to human and animals include a fence that would 
encompass the areas estimated to exceed protective cleanup goals for radium-226 and arsenic. 
The signs, fence, and inspection and maintenance activities would be the same as that described 
for Altemative SP-2. 

institutional Controls 

Because the Lucky Lass mine area is situated entirely on National Forest System land, institutional 
controls would be implemented through Forest Service mechanisms only. Land use restrictions will 
be put in place to prevent residential or recreational use at the mine, installation of ground water 
wells, and removal of stockpile material. An amendment to the Forest Plan (attached to this 
ROD) has been made by the Forest Service to prohibit these uses. Various private individuals 
have asserted unpatented mining claims that confer ownership status to the Lucky Lass mine. 
However, the area of the Mines site was withdrawn from mining by the Bureau of Land 
Management (BLM) on August 9, 1993 to protect the rehabilitation work to be done on the White 
King and Lucky Lass mine. This withdrawal will expire on August 9, 2013 (20 years) unless the 
withdrawal is extended. The USFS will request that the BLM continue to maintain a withdrawal of 
the area of the stockpile from mineral entty. As an informational device the Mines site will be 
maintained on DEQ's Environmental Cleanup Site Infomnation Database as long as the 
institutional controls remain in effect. 

9.2.3.3 Alternative LL-3: Removal and Containment of Material Exceeding PRGs with the 
White King Stockpile 

Estimated Capital Cost: $349,000 

Estimated Annual O&M Cost: $15,000 

Estimated Present Worth Cost: $535,000 (7% discount rate for 30 years) 

Estimated Construction Time frame: one month 

This alternative involves excavating soils from the Lucky Lass stockpile and adjacent areas that 
exceed the EPA cleanup goals for arsenic and radium-226 and restoring the excavated area with 
topsoil. 

Soil Excavation 

All surface soils that exceed the cleanup level for arsenic and radium-226 (See Table 8-1) wili be 
excavated and placed within the consolidated White King Stockpile. Most of these soils have 

. been identified in the Lucky Lass meadow, downhill from the overburden pile and Lucky Lass pit, 

9-21 



8 
White Kin.g/Luckv Lass Record of Decision 

with the highest uranium activities occurring in the upper 1 to 2 feet of soil. Other soils with 
elevated radium-226 activity occur on top of the Lucky Lass stockpile as a reddish-black rock, 
which contrasts with the lower activity chalk-colored overtDurden. It is estimated that approximately 
3,000 cubic yards of soil exceed a cleanup level of 3.6 pCi/g for radium-226 and 38 mg/L for 
arsenic. A field screening methodology for identification of these soils, similar to the approach at 
White King, will be developed during the design. The excavated areas will be restored to existing 
grade including 3 inches of topsoil. The Lucky Lass stockpile material that has been impacted by 
drainage from the Lucky Lass pond will also be excavated and moved so that there is no erosion 
impact of Lucky Lass pond drainage on the Lucky Lass stockpiles. The excavated material will be 
regraded with the Lucky Lass stockpiles and the excavated area will be restored with riprap to 
reduce erosion. Recontouring of the Lucky Lass Mine overburden stockpile may be necessaty if 
portions of the stockpile are used as a borrow source for the White King consolidated stockpile 
soil cover. Such activities may include, but are not limited to, regrading the stockpiles to provide 
slope stability, promote drainage, and control emsion; placement of topsoil; and establishment of 
vegetation on the stockpile. No future monitoring or inspection and maintenance of the Lucky Lass 
stockpile will be required. 

Access Restrictions 

Short-term access restrictions will include physical restrictions (e.g., fencing), warning signs, and 
safety measures until completion of the remedial action. 

Institutional Controls 

Institutional controls would be required to prevent removal or residential use of the remaining 
Lucky Lass stockpile and prohibit installation of ground water wells within the stockpile. These 
controls would be the same as discussed under LL-2. 

9.2.3.4 Alternative LL°4: Removal and Containment of Stockpiie and Disposal in "Off-Mine" 
Disposal Cell 

Estimated Capital Cost: $2,656,000 

Estimated Annual O&M Cost: $9,000 

Estimated Present Worth Cost: $2,768,000 (7% discount rate for 30 years) 

Estimated Construction Time frame: 5.5 months 

Altemative LL-4 involves excavating all the Lucky Lass Mine stockpiles (260,000. cubic yards) and 
the off-pile areas that exceed PRGs (3,000 cubic yards) and placing them in the proposed "off-
mine" disposal cell. This alternative would be implemented in conjunction vvith the alternatives for 
the White King Mine stockpiles that provide for excavation and disposal into an "off-mine" cell 
(Altemative SP-5) and backfill of the White King pit with clean or treated material (Altematives SP-
4b and SP-4c). The excavated areas would then be restored with 3 inches of topsoil. The 
institutional controls, access restrictions, and inspection and maintenance for the Lucky Lass 
stockpiles and adjacent areas would be similar to the provisions in LL-2. 
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SECTION 10 

COi\^PARAT!VE ANALYSIS OF ALTERNATIVES 

The NCP requires that each remedial altemative analyzed in detail in the FS be evaluated 
according to specific criteria. The purpose of this evaluation is to promote consistent identification 
of the relative advantages and disadvantages of each altemative, thereby guiding selection of 
remedies offering the most effective and efficient means of achieving site cleanup goals. There 
are nine criteria by which feasible remedial alternatives are evaluated. While all nine criteria are 
important, they.are weighed differently in the decision-making process depending on whether they 
describe protection of human health and the environment or compliance with Federal or State 
statutes and regulations, such as the State of Oregon mles for disposal of radioactive material 
(ORS 469.375) (threshold criteria), a consideration of technical or socioeconomic merits 
(primary balancing criteria), or involve the evaluation of non-EPA reviewers that may influence an 
EPA decision (modifying criteria). 

10.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

This criterion evaluates whether an alternative achieves and maintains adequate protection of 
human health and the environment. 

10.1.1 White King Mine Stockpile Alternatives 

All the altematives, except the no-action altemative (SP-1), would be protective of human health 
and the environment, by eliminating, reducing, or controlling the risks posed by the stockpile 
niaterial. Because the "no-action" altematives (SP-1) is not protective of human health and the 
environment it was eliminated from further consideration under the remaining eight criteria. 
Alternative SP-5 provides the greatest level of protection against potential risk by placing the 
stockpile material in an engineered disposal cell above any influences of ground or surface water. 
Altematives SP-3a, SP-3b, SP-4a and SP-4d would be equally protective of the environment in 
reducing migration of COCs to ground water, surface water or surface soils. Although Altematives 
SP-3a and SP-3b reduce mnoff or erosion, Altematives SP-4a and SP-4d would neariy eliminate 
the potential for surface erosion as most of the material would be placed below grade in the White 
King Mine Pit. The addition of a permeable limestone wall in Alternative SP-4d would neutralize 
any potential acidic water generated in the pit and prevent any impacts to ground, water. 
Altemative SP-2 provides a fence (or barrier) to prevent access by medium-to-large mammals, 
domestic cattle, and humans; however, it does not provide protection for small mammals or 
prevent erosion and the protectiveness depends on the'effectiveness of physical and land-use 
restrictions. 

10.1.2 White King Pond Alternat ives 

Alternatives WKPW-4 through WKPW-6b achieve complete protection by treating the water, either 
in-situ or ex-situ, and discharging the water to land or surface water. The White King Pond is then 
eliminated and filled depending on which stockpile altemative is selected. Under alternative 
WKPW-3 human and ecological risks from the low pH pond water would be eliminated through 
neutralization. However, risks associated with pond sediments would not necessarily be 
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addressed through neutralization alone and further action such as sediment capping or dredging 
may be required. The protectiveness of WKPW-2 depends on the effectiveness of continuation of 
land use and physical restrictions. 

Because the "no-action" alternative (WKPW-1) is not protective of human health and the 
environment it was eliminated from further consideration under the remaining eight criteria. 

10.1.3 Lucky Lass Mine Stockpile Alternatives 

All the Lucky Lass Stockpile Alternatives, except the no-action alternative (LL-1) would be 
protective of human health and the environment. Alternative LL-4 provides the greatest level of 
protectiveness by placing all the stockpile material into an engineered "off-mine" disposa! cell. 
Altemative LL-3 provides protection by excavating and containing the material (within the White 
King Stockpiies) ihat exceed the radium-226 PRG. The protectiveness of Altemative LL-2 relies on 
the effectiveness of physical controls (fencing) and land use restrictions to prevent exposure 
and/or use of stockpile materials at the Mines site. 

Because the "no-action" alternative (LL-1) is not protective of human health and the environment it 
was eliminated from further consideration under the remaining eight criteria. 

10.2 COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS 

Section 121(d) of CERCLA and 40 CFR 300.430(f)(1)(ii)(B) require that remedial actions at 
CERCLA sites attain legally applicable or relevant and appropriate requirements "ARARs," unless 
such ARARs are waived under CERCLA section 121 (d)(4). 

Applicable reouirements are those cleanup standards, standards of control, and other substantive 
requirements, criteria, or limitations promulgated under Federal environmental or State 
environmental or facility siting laws that specifically address a hazardous substance, pollutant, or 
contaminant, remedial action, location, or other circumstance found at a CERCLA site. Only those 
State standards that are identified by a State in a timely manner and that are more stringent than 
Federal requirements may be applicable. Relevant and appropriate requirements are those 
cleanup standards, standards of control, and other substantive requirements, criteria, or limitations 
promulgated under Federal environmental or State environmental or facility siting laws that, while 
not "applicable" to a hazardous substance, pollutant, contaminant, remedial action, location, or • 
other circumstance at a CERCLA site address problems or situations sufficiently similar to those 
encountered at the CERCLA site that their use is well-suited to the particular site. Only those 
State standards that are identified in a timely manner and are more.stringent than Federal 
requirements may be relevant and appropriate. 

10.2.1 Whiie King Mine Stockpile Alternatives 

As discussed in Sections 9.2.1.4 one significant requirement for the Mines site is the State of 
Oregon rules for disposal of radioactive material. ORS 469.375 prohibits siting of a waste 
disposal facility for uranium mine overburden and other radioactive material in Oregon unless the 
disposal site meets, a number of criteria io assure protection of the health and safety of ihe public 
and of the environment. Among other criteria, ORS 469.375 and OAR 345-050-0060 provide that 
the site for disposal of radioactive material must not be located in or adjacent to an area that is 
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subject to river or creek erosion within the lifetime of the facility or is within the 500-year floodplain 
of a river, creek, or stream. The OOE has determined that Altemative SP-3b (as modified in this 
ROD) would comply with these requirements. Similariy, Altemative SP-5 would also meet these 
requirements in that the disposal cell would be well above the Augur Creek floodplain. OOE has 
determined that all other stockpile Alternatives would not meet these requirements since all or part 
of the stockpile materials would remain within the floodplain of Augur Creek. 

10.2.2 White King Pond Alternatives 

White King pond water alternatives 4 through 6b would meet all ARARs through treatment of pond 
water or land application. The No Action (WKPW-1) and Institutional Controls. (WKPW-2) 
Altematives would not meet all ARARs. With respect to WKPW-2 , the NCP requires that 
institutional controls shall not substitute for active response measures as the sole remedy unless 
active measures are determined not to be practicable based on the balancing of trade-offs among 
altematives. As demonstrated in this section, active measures beyond institutional controls are 
practicable. It is expected that WKPW-2 will meet all ARARs however, further monitoring and 
evaluation of the pond will evaluate the ability to achieve Oregon's State water quality standards 
(OAR 340-41-925). 

10.2.3 Lucky Lass Mine Stockpile Alternatives 

At Lucky Lass Altemative LL-2 would not comply with State requirements for mining reclamation • 
under OAR 632-35 or OAR 345-95-118. This altemative would also not comply with ARARs for 
material exceeding remediation goals. LL-3 and LL-4 would meet these and all other ARARs. 

10.3 LONG-TERM EFFECTIVENESS AND PERMANENCE 

This criterion evaluated the ability of an alternative to maintain protection of human health and the 
environment over time. The following factors vyere considered in the evaluation of long-term 
effectiveness: 

Magnitude of the residual risks remaining at the completion of remedial activities. 

° Adequacy and long-term reliability of management and technical controls for providing 
continued protection from the residual risks. 

10.3.1 White King Mine Stockpile Alternatives 

Alternatives SP-3a, SP-3b, SP-4a, and SP-4d would all be reliable and require similar degrees of 
monitoring and maintenance. Alternatives SP-3b, SP-4a, SP-4d, SP-5 would consolidate the two 
stockpiles either at the protore stockpile, in the White King pit, or in a new disposal cell. These 
altematives would have a slight advantage over SP-3a with respect to a reduction in the area that 
would be subject to surface mnoff and erosion and require continued maintenance, in addition, 
during consolidation of the stockpiles, natural clay like material would be placed on top ofthe 
stockpiles which would further reduce infiltration, radon emanation, gamma emissions and isolate 
the most contaminated material from erosion and direct contact. These alternatives would tend to 
be more reliable and require somewhat less monitoring and maintenance than leaving the 
stockpiles in place as in Alternative. SP-3a. Alternatives SP-3b (as modified), and SP-5 are 
outside the floodplain of Augur Creek. This makes them less susceptible to creek erosion and 
more reliable than the other stockpile altematives. Altemative SP-2 requires physical and land 

10-3 



8 
8 White Kin.g/Lucky Lass Record of Decision 

use restrictions, the long-term effectiveness is dependent upon the implementation, maintenance, 
and monitoring of the institutional controls. The fence would prevent biointrusion by medium to 
large mammals, but would not completely prevent biointnjsion for smaller mammals. In addition 
institutional controls do not address infiltration and percolation that results from leaving the 
stockpiles uncovered. 

10.3.2 White King Pond Alternatives 

Alternatives WKPW-4, WKPW-5a, WKPW-5b, WKPW-6a and WKPW-6b require dewatering of 
the pond and are effective in the long-term but to varying degrees. All these-alternatives will be 
completed in approximately 60 days and there will be minimal residual risk, no potential for future 
exposure from the pond water, no need for long-term replacement, and no concems for long-temn 
reliability. Alternative WKPW-3 provides less long-temn effectiveness and permanence due to the 
potential need for continued neutralization in order to maintain stable pH conditions and improved 
water quality. If neutralization is effective in the long-tenn, ecological risks from exposure to acid 
pond conditions may be eliminated. However, it is unclear whether ecological risks from the pond 
sediments would be eliminated.. The long-term effectiveness of Altemative WKPW-2 is dependent 
upon the effective implementation and monitoring of institutional controls which may be less 
effective due to the remote location of the pond. In addition the residual risks to aquatic 
organisms from the pond water and sediments would not be addressed by Alternative WKPW-2. 

10.3.3 Lucky Lass Mine Stockpile Alternatives 

Altematives LL-3 and LL-4 provide the greatest degree of assurance of long-term effectiveness for 
materials exceeding PRG levels by either containment or removal. Both alternatives have low 
residual risk since they eliminate the future exposure to material containing COCs by humans and 
ecological receptors. Altemative LL-2 is dependent upon the effective implementation and 
monitoring of the institutional controls and fencing. 

10.4 REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT 

CERCLA states a preference for selecting remedial actions that principally employ treatment 
technologies to permanently and significantly reduce toxicity, mobility or volume of the hazardous 
substances at the site. There is also a preference for treatment of "principal threats" at a site 
through destmction of toxic COCs, reduction of the total mass of toxic COCs, irreversible reduction in 
constituent mobility, or reduction of total volume of media containing COCs. See Section 11 for a 
discussion on principal threats at the site. 

In determining an appropriate range of altematives for sites with high volume/low risk waste, EPA has 
stated its position in the regulations as well as guidance documents. Specifically, EPA expects to use 
engineering controls, such as containment; for waste that poses a relatively low long-term threat or 
where treatment is impracticable." 40 CFR 300.430(a)(iii)(B). In addition EPA Guidance for Conducting 
RI/FS under CERCLA, Interim Final (EPA. 1988) states "Development of a complete range of 
treatment altematives will not be practical in some situations. For example, for sites with large volumes 
of low concentrated wastes such as some municipal landfills and mining sites, an alternative that 
eliminates the need for long-term management may not be reasonable given site conditions, the 
limitations of technologies, and extreme costs that may be involved." 
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Thus, given the large volume (980,000 cubic yards which included stockpiles, haul roads, and off-pile 
material) of overtDurden material present at the Mines site, limitations of treatment technologies 
potentially implementable for the stockpile material, extreme costs, and the low risk nature of the 
majority of the material, treatment was not considered in the FS to be practical. However, because 
CERCLA sets forth a statutory preference for remedial actions in which treatment permanently and 
significantly reduces the volume, toxicity, or mobility of hazardous substances, the FS evaluated 
treatment altematives for the stockpiled material. Treatment technologies that were retained for 
assembly into altematives include chemical stabilization/solidification, permeable treatment walls, and 
physical segregation. Chemical stabilization/solidification may be appropriate for a small volume of the 
highly contaminated material ("hot spof). A permeable treatment wall may potentially be used to 
prevent leaching of AMW from the stockpile material following placement into the White King pond. 
Physical separation of the material by physical or chemical properties may potentially be used as a 
component of the stockpile altem.atives. 

The following considerations were applied to each altemative: 

• The treatment processes the remedy will employ, and the materials they will treat. 

• The amount of hazardous materials that will be destroyed or treated, including how the 
principal threat(s) will be addressed. 

• The degree of expected reduction in toxicity, mobility, or volume measured as a percentage of 
reduction (or order of magnitude). 

• The degree to which the treatment will be reversible. 

• The type and quantity of treatment residuals that will remain following treatment. 

• Whether the altemative would satisfy the statutoty preference for treatment as a principal element. 

It should be noted that there is no treatment technology known to reduce or prevent radioactive 
decay. Volume reduction of radioactive material could be performed in certain circumstances. 
However, volume reduction would not be appropriate at the overburden stockpiles since the larger 
particles (sand/gravel) have the high activity as opposed to fine particles having high activity which 
could be separated from large particles with low activity. In addition, given the large volume 
(980,000 cubic yards) of overburden material present, limitations of treatment technologies 
potentially implementable for the stockpile material, extreme costs, and the low risk nature of the 
majority of the materials, treatment is not practical. In fact, due to the large volume of material, 
solidification and stabilization, an effective and reliable treatment technology, was not cost-
effective and was screened out in the FS. 

10.4.1 White King Mine Stockpile Alternatives 

Altemative SP-2 does not use any treatment process and there is no reduction in toxicity, mobility, 
or volume. 

There is no active chemical or biological treatment of the stockpile material using Altematives 
SP-3a, or SP-3b, but to the extent reduction of potential for acid generation leaching from the piles 
is seen as beneficial, these altematives would reduce mobility. Specifically, the grading and 
recontouring will compact stockpile soils, utilize clay-like soils to minimize percolation and provide 
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a secure cover. Modeling conducted during the FS predicted that Alternatives SP-3a, and SP-3b 
would reduce the total volume of percolation through the stockpile material by 53 percent and 65 
percent as compared to Alternative SP-2, thereby reducing the mobility of COCs. Although 
containment is not a treatment process, it also reduces the mobility of radon, gamma emissions 
and transport of stockpile COCs via wind and water erosion. The 12-inch cover in Alternative SP-
3a decreases gamma emissions by 98 percent and radon emissions by 26 percent. The benefits 
of containment would be reduced if the cover thickness is not maintained. Annual maintenance 
would help eliminate this concern. 

Alternatives SP-3b provides the same level of reduction in mobility as Altemative SP-3a. However, 
the 7.5-foot compacted clay-like material layer overthe higher activity gravel/sand material would 
further reduce radon and gamma emission. 

For Alternative SP-4a, acid m.ine water generation is prevented by inhibiting oxygen transport. 
Physical handling of the stockpile materials to deposit them in the pit would result in reduced 
mobility of COCs using clay-like materials for the bottom of the pit. Modeling conducted during the 
FS predicted that, using Altematives SP-4a and SP-4d, the total volume of percolation through the 
stockpile material would be reduced by 98 percent as compared to Altemative SP-2, thereby 
potentially reducing mobility of COCs. It should be noted that the model cannot account for lateral 
ground water flow through backfilled stockpile material that would ultimately be below the water 
table. Alternative SP-4d provides treatment by neutralizing any AMW generated that could migrate 
away from the pit. Both Alternatives SP-4a and SP-4d would reduce the radon and gamma 
emission to negligible levels via a 5-foot compacted clay-like material layer beneath the 12-ihch 
soil cover similar to Alternative SP-3b. The 12-inch soil cover would lose 25% of its thickness 
without annual maintenance due to wind and water erosion over 1,000 years. 

Altemative SP-5 would result in similar reductions in mobility of COCs as the physical handling 
operations and reduction in radon and gamma emissions discussed for Altematives SP-4a and 
SP-4d. The modeling predicts that Altemative SP-5 would reduce the total volume of percolation 
through the stockpile material by 97 percent when compared to Altemative SP-2. Altemative SP-5 
offers the same treatment for AMW as Altemative SP-4a, but the treatment may not be as 
successful for inhibiting generation of AMW as other alternatives because the clean material 
(basalt) used in backfilling may not be as effective in inhibition of oxygen transport as clay-like 
stockpile material. 

10.4.2 White King Pond Alternatives 

Alternatives WKPW-2 and WKPW-4 do not use any active treatment process as a principal 
element. WKPW-4 relies on natural attenuation to reduce the toxicity and mobility of COCs 
following land application. • 

Alternatives WKPW-3, WKPW-5a and WKPW-5b involve in-situ neutralization with hydrated lime 
or other materials as the principal element for treating pond water. The 1998 Neutralization 
Treatability Study preliminaty results indicated that, in addition to stabilization of the pH, COCs in 
surface watfer were reduced to concentrations below both PRGs and surface water discharge 
standards. Because of the increase in pH of pond water, some of the calcium, magnesium, 
aluminum, and iron salts precipitated along with the COCs. This results in decreased 
concentrations in the water column but an increase in concentrations of COCs in pond sediments. 
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Alternatives WKPW-6a and WKPW-6b involve ex-situ neutralization with sodium hydroxide and 
sand filtration as the principal element for treating pond water to reduce toxicity and volume of 
COCs. 

10.4.3 Lucky Lass Mine Stockpile Alternatives 

None of the Lucky Lass alternatives include active chemiical or biological treatiTient as a principal 
element. Although Altematives LL-3 and LL-4 do not include treatment, both of these alternatives 
reduce the potential for mobility of COCs via suspended solids transport at ihe Lucky Lass mine 
by excavating and removing the soil that is above PRGs. In addition, both these alternatives 
excavate the material that is subject to the minimal erosive forces of discharge from the Lucky 
Lass pond. In both alternatives (LL-3 and LL-4), the material would be contained beneath an 
engineered cover system as part of the selected White King stockpile alternative. 

10.5 SHORT-TERM EFFECTIVENESS ' 

The short-term impacts of altematives were assessed by considering the following: (1) Short-term 
risks that might be posed to the community during implementation of an alternative; (2) Potential 
impacts on workers during remedial action and the effectiveness and reliability of protective 
measures; (3) Potential environmental impacts of the remedial action and the effectiveness and 
reliability of mitigative measures during iriiplernentaiion; and (4) Time until protection is achieved. 

10.5.1 White King Mine Stockpile Alternatives 

Altemative SP-2 has the greatest short-term effectiveness because there is minimal adverse 
impact to the community, workers and the environment during implementation. Alternative SP-2 
also requires the shortest time (one month) to implement. All other altematives have less short-
term effectiveness than Altemative SP-2 because they require cover material to be transported 
from off-site and would take more time to implement. Altemative SP-3a requires one 5,5-month 
construction season to implement while Alternatives SP-3b, SP-4a and SP-4c require two 5.5-
month constmction seasons to implement. Alternative SP-3b requires 62,000 cubic yards (5,200 
trucks) of off-site cover material as compared to 86,000 cubic yards (7,200 trucks) of off-site cover 
material required by Altemative SP-3a. Alternative SP-3b involves the additional excavation and 
placement of 230,000 cubic yards of material. These altematives would pose the greatest potential 
risk to wori<ers during regrading and hauling and have a potential for run-off to impact Augur 
Creek during construction. Short term risks and impacts, if any, from these alternatives can be 
mitigated or prevented through monitoring and protective measures. Altematives SP-4a and SP-
4d would require more time to implement because they require excavation of 980,000 cubic yards 
of stockpile material and placement within the White King Mine pit. /Alternative SP-5 offers the 
least short-term effectiveness because it involves the most potential risk to workers. It would also 
result in a greater impact to the environment as approximately 20 acres of timber would be 
removed at the new disposal location. Approximately 980,000 cubic yards of stockpile material 
would have to be excavated and moved up the hillside to the new disposal cell location. Blasting 
(640,000 cubic yards) and excavation (340,000 cubic yards) of basalt would likely be needed to 
construct the cell and then the 980,000 cubic yards of basalt would have to be moved and placed, 
in the White King Mine pit. Approximately 35,000 cubic yards (2,900 tmcks) of off-site material 
would be needed. This altemative would require three 5.5 month constmction seasons, which is 
the longest of all the stockpile alternatives. 
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10.5.2 White King Pond Alternatives 

WKPW-2 has minimal impacts because it involves institutional controls only. Alternative WKPW-3 
has some short-term impacts compared to WKPW-2 due to ihe risk io workers from handling and 
applying hydrated lime and the implementation time is slightly longer. Altematives WKPW-4, 
WKPW-5a, and WKPW-6a have more potential short-term impacts on workers and ihe 
environment ihan Alternatives WKPW-3, WKPW-5b, and WKPW-6b because of potential risk io 
wori<ers during construction and operation of a 300-acre land application system as compared to a 
surface waier discharge system. 

10.5.3 Lucky Lass Mine Stockpile Alternatives 

Alternative LL-2 would provide the greatest degree of short-tenn effectiveness and would have no 
impacts on the community, no health effects to workers, no impacts to the environment, and will 
require the shortest iime period io implement. Alternatives LL-3 and LL-4 would provide the least 
degree of short-term.effectiveness. Although there would be no impacts to the community. 
Alternative LL-4 would have the greatest impact to the environment and to wori<ers during 
constmction because it would require excavation and moving approximately 260,000 cubic yards 
of stockpile material to ihe "off-mine" location. Erosion control measures, dust control, and proper 
health and safety protocols can mitigate these impacts. In addition, LL-4 requires the longest time 
period io implement, which is due to ihe iime ii would take to constmct a new disposal cell. 

10.6 IMPLEMENTABILITY 

The implementability of the altematives was assessed by considering, as appropriate, the 
following factors: (1) Technical feasibility, including technical difficulties and unknowns associated 
with the construction and operation of a technology, the reliability of the technology, ease of 
undertaking additional remedial actions, and the ability to monitor the effectiveness of the remedy; 
(2) Administrative feasibility, including activities needed io coordinate with other offices and 
agencies and ihe ability and time required to obtain any necessary approvals and pemnits from 
other agencies (for off-site actions); (3) Availability of services and materials, including the 
availability of adequate off-site treatment, storage capacity, and disposal capacity and services; 
the availability of necessaty equipment and specialists, and provisions io ensure any necessaty 
additional resources; the availability of services and maieriais; and availability of prospective 
technologies. 

10.6.1 White King Mine Stockpile Alternatives 

Alternatives SP-3a and SP-3b do noi pose significant difficulties to implement. Both alternatives 
require regrading and hauling of stockpile material, and placement of a cover. Alternative SP-3b 
involves the movement of a larger volume of overtDurden material within the Mines site; however. 
Alternative SP-3a would require the transport of an extra 24,000 cubic yards of off-site cover 
material and an extra 200 truck trips. The regrading of stockpiles is implementable with 
conventional construction equipment. Coordination and approval from the USFS would be required 
to construct haul roads or for access control. The fence (or barrier) building component of 
Alternative SP-2 is easy to implement based on availability of services; however, the land use 
restrictions pose more difficulty in terms of coordination and implementation. Coordination with 
USFS and private land owners will be required for land use and physical restrictions but are not 
expected to pose any difficulties. Alternatives SP-4a, and SP-4d would be more difficult to 
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implement than Alternatives SP-3a, and SP-3b. Alternatives SP-4a and SP-4d require excavation 
and removal of the stockpiles (980,000 cubic yards) to the pit and placement of a soil cover. 
Placement of material in the pit would pose some difficulties in implementation because of muddy 
conditions in the pond after dewatering. Alternative SP-4a is slightly easier io implement ihan 
Alternative SP-4d because Altemative SP-4d requires additional constmction of a permeable 
limestone treatment. 

Alternative SP-5 is the most difficult to implement because it requires excavation of 980,000 cubic 
yards of stockpile material and moving ihe stockpiles up the hill io a new disposal location. 
Blasting and excavation of basalt would likely be needed. The blasted/excavated basalt would 
have io be moved and placed in ihe Whiie King Mine pit. This alternative would also require 
implementing the selected WKPW altemative. Implementing this altemative is expected to be the 
most difficult in terms of administrative feasibility. Coordination and approval from USFS would be 
needed to constmct a new disposal cell, clear timber resources and constmct haul roads or obtain 
approval for access control. It is expected that there would be more administrative requirements in 
constmcting a new disposal cell in an "off-mine" location as compared to consolidating the 
stockpiles ai the protore pile or within ihe Whiie King pit. 

10.6.2 White King Pond Alternatives 

Alternative WKPW-2 can be implemented to limit use of the White King pond waier. The ability to 
monitor the effectiveness may be hindered by the remote location of the Mines site and because 
the Mines site is not accessible during the winter months. The services and maieriais required to 
constmct ihe monitoring wells should be available. The administrative feasibility of implementing 
the land use restrictions may be difficult. This may require coordination within the Forest Sen/ice 
and with local govemment offices to ensure that the restrictions are effectively implemented, 
maintained and monitored. 

Altemative WKPW-3 can be easily implemented (and has been already demonstrated) to 
neutralize the Whiie King pond water. The neutralization process is technically feasible because 
the liming process is a well-established practice and liming materials and equipment are available 
and can be transported to the Mines site. Periodic neutralization may be needed. However, 
preliminaty results of the 1998 Neutralization Treatability Study confirmed thai neutralization of ihe 
pond is relatively easy to implement. The administration feasibility of implementing ihis alternative 
would not be difficult. 

Alternatives WKPW-4, 5a, and 6a can each be implemented io dewater ihe White King pond and 
apply ihe waier to the land. Appropriate equipment io handle the high pump discharge pressures 
and potentially high suspended solids at the bottom of the pit should.be available. Additionally, the 
irrigation system, including the booster pumps for differences in terrain elevation, should also be 
available. Land application of ihe water is administratively feasible given thai a land application 
permit from ODEQ is not required under CERCLA. Substantive requirements of the permii would 
be handled as ARARs. Alternatives WKPW-5bAA/KPW-6b are technically feasible regarding ex-
situ treatment and surface water discharge structures. Materials and services for the ex-situ 
treatment system are readily available. 

Alternatives WKPW-5b and 6b can each be implemented io dewater ihe Whiie King pond and 
discharge ihe water to Augur Creek. Surface waier discharge is administratively feasible given ihat 
a permit from ODEQ is not required under CERCLA. Substantive requirements of the pennit would 
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be handled as ARARs. If additional treatment is deemed necessaty, a treatability study would be 
needed or a variance from the standard may be necessaty. Preliminaty results from the 1998 
Neutralization Treatability Study indicate that surface waier discharge standards can be met. 

10.6.3 Lucky Lass Mine Stockpile Alternatives 

Alternative LL-2 can be implemented to prevent access to the Lucky Lass Mine stockpiles and to 
limit land use. Preventing access by constructing a barrier, posting waming signs, etc., should be 
technically feasible. However, the ability to monitor the effectiveness may be hindered by the 
remote location of the Mines site and because the Mines site is not accessible during the winter 
months. The services and maieriais required io construct the fence, etc., should be available. The 
administrative feasibility of implementing the land use restrictions may be difficult. This may 
require coordination within the Forest Service and with local government offices to ensure that ihe 
restrictions are effectively implemented, maintained, and monitored. However, these restrictions 
are not unusual. 

Alternative LL-3 involves relatively small excavation and placement of material (3,000 cubic yards) 
with ihe Whiie King stockpile materials and would be relatively easy io implement. The services 
and maieriais are readily available. The administrative feasibility of implementing ihe land use 
restrictions may be difficult as described under Alternative LL-2. 

Alternative LL-4 is technically feasible, and materials and services are available for ihe excavation 
and movement of the stockpile materiar(263,000 cu. yd.). Under Alternative LL-4, the material 
would be placed in an "off-mine" location which could have significant administrative difficulties 
associated with pennitting and approvals by the USFS. Administrative feasibility would be difficult 
for ihe same reasons as Alternative SP-5. 

10.7 COST 

This criterion includes estimated capital and operation and maintenance costs as well as present 
worth costs. Cost estimates are expected io be accurate within a range of -i-50 to -30 percent. 

Table 10=1 presents a comparative summaty of the total capital costs, the present worth of O&M 
cost, and the total present worth costs for all the alternatives as presented in the FS. 

A remedy shall be cost-effective if iis costs are proportional to its overall effectiveness." (CFR 
§300.430(f)(1)(ii)(D)). This is accomplished by evaluating the "overall effectiveness"of those 

.alternatives that satisfied the threshold criteria {i.e., were both protective of human health and the 
environment and AR.AR-compliant). 

10.7.1 White King Mine Stockpile Alternatives 

Alternative SP-2 has the lowest cost (at a toia! present worth cost of $956,000). Alternative SP-5 
has the greatest cost at a total present worth of $26,840,000. Alternatives SP-3a and SP-3b fall 
within a $5,000,000 to $8,000,000 range while Alternatives SP-4a and SP-4d fall within an 
$11,000,000 io 12,000,000 range. Compared io all other alternatives. Alternative SP-5 is ihe least. 
cosi effective when comparing costs proportionate io overall effectiveness. 

Under ODEQ's State statutes, remedies must also demonstrate costs are reasonable by showing 
costs are proportioned to benefits. Altemative 3b would cost approximately $1.8 million more than 
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Alternative 3a. Alternatives 4 and 5 would cost up to several times the costs of Alternative 3a or 
3b. 

With regards to the Stockpile Alternatives only SP-3b and SP-5 met ihe threshold criteria to 
remove overburden from ihe flood plain and allow compliance with State regulations. Between 
these two altematives SP-3b had the lowest cosi at approximately $6,625,000. Alternative SP-5 
has ihe greatest cosi ai a tota! present worth of $26,840,000. Alternative SP-5 is the least cost 
effective when comparing costs in proportion to overall effectiveness. 

10.7.2 White King Pond Alternatives 

Altemative WKPW-2 has the lowest cost at a total present worth cost of $281,000, while 
Alternative WKPW-6a has the greatest cosi ai a iotal present worth cost of $1,731,000. As 
discussed in Section 9 of this ROD, implementation of White King pond Alternatives WKPW-4, 
WKPW-5a, WKPW-5b, WKPW-6a, and WKPW-6b are linked to various stockpile altematives. 
Depending on which stockpile alternative is selected, ihe cost of ihe White King pond altematives 
must be added io ihe cost of the stockpile remedy io evaluate cost-effectiveness. Because 
Alternatives SP-4a, SP-4d and SP-5 are less cosi effective ihan the other alternatives, Whiie King 
Pond Alternatives WKPW-4, WKPW-5a, WKPW-5b, WKPW-6a, and WKPW-6b would not be as 
cost effective as WKPW-3. 

10.7.3 Lucky Lass Mine Stockpile Alternatives 

Alternative LL-2 has the lowest cosi ai a total present worth cost of $355,000. Alternative LL-3 has 
the next lowest cosi wiih a toial present worth cost of $535,000. Alternative LL-4 is the most 
expensive with a iotal present worth cosi of $2,768,000. 

The cost effectiveness of Altemative LL-4 is also dependent upon selection of a remedy involving 
offsite disposal of White King stockpiles. The addition of costs attributable to those White King 
options along wiih costs for Alternative LL-4 make it even less cost effective than the other 
alternatives. 

10.8 STATE ACCEPTANCE/SUPPORT AGENCY ACCEPTANCE 

The USFS, DEQ, and OOE have been involved with the development and review of the Rl, FS, 
proposed plan and ROD. These agencies concur with the selected remedy in this ROD. The 
State does noi support selection of Alternatives SP-3a and SP-4a for the reasons outlined in 
Section 12.1.1. 

10.9 COMMUNITY ACCEPTANCE. 

This criterion evaluates whether ihe local community agrees wiih EPA's analyses and preferred 
alternative. Community members expressed support for Altematives SP-3b, WKPW-3, and LL-3. 

EPA, with input from ihe State of Oregon, and USFS have carefully considered all comments 
submitted during the public comment period and taken them into account during the selection of 
the remedy for the Mines site. EPA's response to comments received during the public comment 
period are included in ihe attached Responsiveness Summaty (Appendix A). 
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SECTION 11 

PRINCIPAL THREAT WASTE 

The NCP establishes an expectation that EPA will use treatment to address the principal threats 
posed by a site wherever practical. A principal threat concept is applied to ihe characterization of 
"source material" at a Superfund site. A source material is material that includes or contains 
hazardous substances, pollutants or contaminants that act a resen/oir for migration of contaminant 
io ground water, surface water or air, or acts as a source for direct exposure. EPA has defined a 
principal threat wastes as those source maieriais considered to be highly toxic or highly mobile 
that generally cannot be reliably contained or would present a significant risk io human healih or 
the environment should exposure occur. 

The stockpiles at the Mines site are considered to be relatively non-mobile with low toxicity which 
can be reliably contained. A treatability study for the leachability of stockpiled material was 
conducted during the Ri/FS. The results indicated that the stockpile soils exhibited little tendency, 
if any, to release toxic constituents in toxic amounts.or ai levels which could impact water quality. 
(See Section 5.3.1.5 for a discussion of ihe groundwater results adjacent to and beneath the 
stockpiles.) 

ODEQ has a "hotspot" provision under OAR 340-122-085 (implementing rules of ORS 465.200-
900) thai is similar io EPA's "principal threaf concept. For purposes of this requirement, a "hot 
spof is defined as: 1) for ground or surface water, hazardous substances having a significant 
adverse effect on existing or reasonably likely future beneficial uses of water or waters to which 
the hazardous substances would be reasonably likely to migrate and for which treatment is 
reasonably likely io restore or protect such beneficial uses within a reasonable time, and 2) for 
other media, the extent to which hazardous substances exceeding background concentrations 
present an excess risk of cancer of 1 x IO'*, a hazard quotient of 10 for human exposure, or a 
toxicity quotient of 10 for ecological receptors (OAR 340-122-115(35).). 

ODEQ cleanup mles (OAR 340-122) require that all remedies treat "hot spots" of contamination to 
the extent feasible. The feasibility evaluation under the ODEQ cleanup mles is based on the five 
remedy selection factors which include cost reasonableness. The FS did consider treatment of 
"hot-spots" in soil (there are no hot spots in other media). It was estimated that, approximately 
330,000 cubic yards of stockpile material would exceed ihe ODEQ arsenic or radium-226 1 x 10'" 
cancer risk level and background concentrations. This "hot-spof material consists of both sand 
and gravel material and clay-like material. Solidification/stabilization of ihis materia! was 
considered but would not be effective on ihe clay-like material. The sand-gravel portion (230,000 
cubic yards) was evaluated for treatment but there did not appear to,be an incremental advantage 
in treating ihe "hoi-spots" and it is not certain ihat solidification/stabilization would be able to 
provide the additional benefit of reducing the leaching potential for these materials. Therefore, for 
these reasons, treatment of this "hot spof soil was not retained because of effectiveness and 
implerhentability concems, and vety high incremental cost over other alternatives which offered 
similar effectiveness and protection of human health and the environment. Finally, ii was 
determined that after completion of any of the other options retained through the detailed 
evaluation in the FS, ihere would be no potential exposure to "hoi spof materials which would be 
covered or restricted. 
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SECTION 12 

THE SELECTED REMEDY 

The selected remedy is Alternative SP-3b for the White King Stockpiles, Alternative. LL-3 for the 
Lucky Lass stockpile, and WKPW-3 for ihe White King pond. These alternatives are discussed 
more fully below. The selected remedy meets the requirements of the two mandatoty threshold 
criteria: protection of human health and the environment, and compliance wiih ARARs, while 
providing the best balance of benefits and tradeoffs among the five balancing criteria: long-term 
effectiveness, short-term effectiveness, implementability, reduction in toxicity, mobility and volume 
through treatment, and cost. The selected remedy also provides for meeting the remedial action 
objectives and remediation goals presented in Section 8. 

12.1 SUMMARY OF THE RATIONALE FOR THE SELECTED REMEDY ' 

The key factors upon which the remedy decision is based are presented below along with a 
description of how the selected remedy provides the besi balance of tradeoffs wiih respect to the 
balancing and modifying criteria. 

12.1.1 White King Stockpiles 

The selected remedy for the White King Stockpiles is consolidation of the two stockpiles, 
including portions of Augur Creek impacted by erosion from the stockpiles, and "off-pile" and haul 
road material, at the location of the mine waste repositoty (Altemative SP-3b). (As discussed 
separately in Section 12.2.3 soils from the Lucky Lass stockpile will also be consolidated into the 
White King stockpile.) 

Altemative SP-3b will be protective of human health and the environment and meet all ARARs. 
Compliance wiih the State of Oregon's mles for the disposal of radioactive material was one of the 
main factors upon which the remedy decision is based. Moving the protore stockpile out of the 
Augur Creek floodplain will insure that the remedy meets the State floodplain and erosion 
standards. Several other factors that led to selecting this alternative are as follows: 

« Altemative SP-3b will have high long-term effectiveness and permanence. The 7.5 feet of 
recompacted clay and 2 feet of soil on ihe cover- will provide an additional effective 
thickness not found, in Alternative SP-3a. The clay/soil cover will reduce infiltration, 
contaminant migration from erosion, and provide adequate freeze thaw protection for the 
underiying stockpile material. The 2 feet of soil cover will also help promote native 
vegetation. Because the consolidated stockpile is isolated below the 7.5 foot clay/2 foot 
soil cover, the potential for direct exposure and inadvertent human or animal contact is also 
reduced. 

" Consolidation of the two stockpiles will reduce the total area to be covered as compared to 
Alternative SP-3a. A single cover in one location with a smaller surface area will be 
somewhat easier io maintain and monitor than two separate stockpiles and covers as 
found in Altemative SP-3a. 
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There was little additiona! long-term effectiveness for the in-pit and off-mine disposa! 
alternatives ihat would justify the significantly greater costs. In addition, ihere were a 
number of technical uncertainties on the potential ground waier impacts from the in-pit 
disposal option, which could not be easily resolved. 

Consolidation will restore a greater portion of Augur Creek/Meadow wetland habitat to pre-
mining conditions ihan covering thetwo White King stockpiles in-place. This was a 
potential benefit supported by community members, the State, and Forest Service during 
the public comment period. 

12.1.2 White King Pond 

The selected remedy for the White King pond is continued in-situ neutralization (WKPW-3). 

Selection of Alternative WKPW-3 was a logical outgrowth from the 1998 neutralization study and 
selection of SP-3a as the preferred stockpile altemative. WKPW-4 through WKPW-6b involved 
land application or surface discharge of ihe pond waier. These altematives would have been 
implemented in coordination with a selected altemative for the White King stockpiles addressing 
consolidation/containment of stockpiles or clean or treated fill within the mine pit. As discussed 
previously, filling in the pond wiih stockpile material would not meet State of Oregon requirements 
for disposal of. radioactive material and was associated with a number of technical uncertainties 
which could noi be easily resolved. Because SP-5, the only alternative thai used clean material to 
fill the pond, was less cost effective than the other alternatives. White King Pond Alternatives 
WKPW-4, WKPW-5a, WKPW-5b, WKPW-6a, and WKPW-6b would not be as cost effective as 
WKPW-3. In addition, the community and USFS expressed a desire to retain the pond as a 
potential aquatic habitat. The 1998 neutralization study demonstrated that it was possible to raise 
the pH inthe pond through treatment which could allow eventual establishment of a diverse 
aquatic habitat. 

12.1.3 Lucky Lass Stockpile 

The selected remedy for the Lucky Lass stockpile is excavation of soils from ihe stockpile that 
exceed cleanup goals for arsenic and radium-226 and restoring the excavated area with topsoil 
(LL-3). 

LL-3 was selected because it provided the greatest degree of assurance of long-term 
effectiveness at a reasonable cosi. li also is relatively easy io implement, results in lower residual 
risk, and it provides for reclamation of ihe Lucky Lass Mine stockpiles. The remaining stockpile 
material, presents a much lower level of risk which can be easily managed through institutional 
controls. Excavation-of the entire stockpile, as in LL-4, is not necessaty in order to achieve 
protectiveness. 

12=2 DESCRIPTION OF THE SELECTED REMEDY 

This section expands on ihe description of the Selected Remedy for each area at the Mines site 
from that which was provided in the Description of Alternatives (Section 9). The remedy may 
change-somewhat as a result of the remedial design and construction processes. Any significant 
changes to the remedy described in ihe ROD will be documented using a technical memorandum, 
an ESD, or ROD amendment which would be included in the Administrative Record. 
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12.2.1 White King Stockpiles 

The Selected Remedy for the White King Stockpiles is as follows: 

Reconfiguration of the Protore Stockpile 

The protore stockpile will be reconfigured in order io remove stockpile materia! from the 
Augur Creek floodplain. It is estimated that approximately 138,000 cubic yards of material 
will need io be moved. Figure 12-1 shows a conceptual design of the reconfigured protore 
Stockpile, wiih the overburden stockpile on top, in relation to the Augur Creek floodplain 
and other major features at ihe White King mine. The exact dimensions and elevation of 
the reconfigured stockpile will be determined during the remedial design and will take into 
consideration natural features present ai ihe Mines site, the volume of the overburden 
stockpile, and ihe location of ihe Augur Creek floodplain. 

Consolidation of the Stockpiles 

The White King overburden stockpile (430,000 cubic yards), off-pile (35,000 cubic 
yards)(including portions of Augur Creek impacted.by erosion from the stockpiles), and 
haul road material (15,000 cubic yards) will be excavated and relocated on top of the 
reconfigured protore stockpile. This material will be subsequently covered wiih regraded 
"clay-like material" present within the existing stockpiles. "Clay-like material" is a term used 
to describe stockpile maieriais thai consist of mixtures of clay and larger sized particles 
that exhibit significant plasticity in ihe field and low penneability in laboratory tesis. The 
clay-like overburden will be compacted which will help impede potential burrowing animals. 
Excavation of ihe overiDurden stockpile, off-pile, and haul road material will occur during . 
the first constmction season. Additional details on the cleanup approach for the excavation 
of soils is presented below. The remedial design for the consolidated stockpiles (also 
referred to as the mine waste repositoty) shali include features io control surface 
infiltration, surface water runon and mnoff and any impacts from upgradient shallow 
ground water. These features may include but are not limited to the following: a low 
permeability layer utilizing the maximum thickness of regraded clay-like material over the 
top of ihe stockpile; use of natural features or drainage swales to divert surface water and 
french drains to divert shallow ground water away from the consolidated stockpile; and, to 
the extent practicable, ihe final stockpile configuration shall fit into the natural topography. 
The design shall be developed io accommodate a 500-year 24-hour storm eyent. Figure 
12-2 shows a conceptual view of proposed design features of the consolidated stockpile. 
Figure 12-3 depicts a conceptual cross section of the consolidated stockpile and Figure 
12-4 illustrates several conceptual design features of ihe consolidated stockpile. The final 
slopes of the stockpile will be approximately 4 percent on the top and 5:1 on ihe sides. 
The final dimensions and elevations of the stockpile will be determined during design. 

Cleanup Approach for Stockpiles, "Off-Pile", and Haul Road Areas 

The low-grade ore and minespoil piles have been sitting at the Mines site for over 
40 years and have been subject to wind erosion, oxidation, and leaching. Thus, 
radioactive materials, and other contaminants may have been spread around ihe 
two mines. Figure 11-5 from the Draft EIS provides the approximate areas and 
depths of contaminated soil at the White King Mine based on gamma surveys. 
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(Figure 11-6 provides a similar figure for the Lucky Lass mine). Information 
obtained in the Ri indicates that in most cases the stockpiles and disturbed areas 
can be readily identified from the native surface material by iheir color, texture, and 
gamma radiation. In order io prevent excavation into naturally occurring 
mineralized subsurface soil the following approach has been developed: 

The initial cleanup approach for stockpiles, off-pile, Augur Creek, and haul 
road areas is to remove the chalk-like (referring to color and not 

-consistency) material down to ihe original organic soil (or sediment in the 
case of Augur Creek) layer using a "visual approach",. 

• After "visual" cleanup is completed, confirmatoty sampling including gamma 
screening^ will be conducted in such a manner as to confinn completeness 
of visual removal and achievement of ihe soil excavation levels (See Table 
12-1 page 12-14), at the level of the organic soil layer. An alternative 
approach would be to remove the upper six inches of meadow surface, 
wherever it is in contact with the radioactive materials in the stockpile, off-
pile, and haul road areas. In either case clean fill will be added io ihe 
surface after soil removal, in order io meet background surface soil 
concentrations. 

The specific clean-up approach will be determined during the Remedial Design and 
Remedial Action Wori<plan with consideration being given to localized background 
for the Mines site. Among the factors which may be considered by EPA in 
detennining the additional amount of material to excavate will be the following: 
satisfying surface exposure or background requirements, the type of material which 
is found and whether the material in question is leachable (or has leached) posing a 
potential source to ground water or surface water, whether the surface readings 
result in finding subsurface naturally occurring radioactive material, potential 
damage to meadow soils that further excavation may cause, and State acceptance. 
A similar approach will be applied to Augur Creek sediment removal. Factors to be 
considered by EPA in determining sediment removal will be the toxicity of the 
sediments to aquatic organisms using available sediment criteria, risk to 
recreational users, and the potential ecological impacts, such as habitat loss or" 
dismption, associated with removal of contaminated sediments. Following 
excavation of soils and sediments, residual risk will be evaluated in accordance wiih 
ODEQ's cleanup law (ORS 465.315, OAR 340-122-040). 

' Evidence collected during the RI indicates that radioactive contaminants are co-located vvith 
other contaminants such as arsenic. An approach to identify and cleanup radiological contaminants, such 
as radium-226, to background should assure that arsenic and other uranium decay-series radionulcides 
will also be removed. Gamma surveys may be sufficient for initial verification of cleanup. Ho-wever, 
there also may be a need for some representative analytical sampling to confirm the removal of arsenic to 
background. . 
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Stockpile Cover 

In addition to the recompacted clay layer mentioned above a two-foot soil cover will be 
placed over ihe mine waste repositoty. The iotal area thai will require cover material is 
approximately 25 acres. General cover soil can be borrowed from numerous sources 
including areas at the Lucky Lass mine (1.5 miles from White King mine). National Forest 
System lands between the White King mine and Lucky Lass mine (1 mile from White King 
mine), as well as private sources located 3, 6, and 15 miles from the Mines site. The soil 
cover shall also include a siorm waier collection system io reduce ihe potential for erosion 
from or pooling of surface water. Final details on ihe soil-cover and stockpile 
configurations will be developed during ihe design. Vegetation will be established on the 
top of the cover consisting of local climax vegetation (i.e., cool season grasses that are 
dormant in the summer and do not require long-term irrigation). The appropriate vegetation 
vvili be determined during the design phase. 

Inspection & Maintenance 

Inspection and Maintenance (l&M) of ihe mine waste repositoty will include inspection and 
repair of the fences/physical barrier, gates, locks, waming signs, monitoring wells, and 
maintenance of the 24-inch soil/vegetation cover, and stormwater management system. A 
minimum of two site inspections will be conducted each year during the late spring and fall. 
It is conservatively assumed ihai 5 percent of ihe iotal acreage of,vegetation and 5 percent 
of the topsoil volume would be replaced each year. 

. A draft l&M plan that wil! be prepared as part of the design which will outline the above 
activities and quantitatively define how the inspector should identify a "satisfactoty area of 
vegetation." Areas that show signs of erosion or sparse vegetation will be repaired. The 
surface will be graded and/or filled to match the surrounding grade with topsoil material. 
The area will be reseeded, mulched, and sufficiently watered to restore the vegetation. 
Woody shmbs or trees will be identified and removed before deep roots are established. 

The cover system will be inspected for areas of significant erosion. To further control 
erosion in ihe long term and prevent'gully propagation, certain guidelines will be developed 
during the design. The eroded areas will be backfilled with cover soi! and topsoil, and 
reseeded/mulched. The cover system will also be inspected for signs of settlement and 
subsidence. Areas showing signs of potential ponding or continued settlement will be 
backfilled and repaired as described fbr erosion gullies. 

Erosion control devices such as silt fences, hay bales, and/or jute or straw mats will be 
inspected during the first year following constmction completi-on. Silt fences, hay baieSi 
and/or jute or straw mats will be maintained for a minimum of one year or until a full 
vegetative layer has been established. Silt fence posts that are no longer secure or 
vertical will be reinstalled. Damaged fabric will be repaired or replaced with new fabric. 
Hay bales that are no longer intact or secured to the subgrade will be replaced. If there is 
evidence that mnoff is passing around the hay bales, then the hay bales will be replaced or 
repositioned, or additional hay bales will be added. Damaged jute or straw mats ihat are 
no longer secure will be reinstalled, if necessaty, in the event vegetation has not been 
established. 
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In addition io the above actions EPA can and will require additional actions if necessaty to 
maintain the protectiveness of the stockpile remedy. 

Reclamation 

After excavation of the overburden stockpile, portions of the protore stockpile and off-pile 
and haul road areas, the disturiDed areas will be reclaimed/revegetated using a minimum of 
3 inches of soil. A significantly thicker layer of soil may be î equired in certain areas io 
meet surface soil background levels as previously discussed in ihe "cleanup approach". 
The vegetation will consist of local climax vegetation (i.e., cool season grasses that are 
dormant in ihe summer and do not require long-term irrigation). The total area requiring 
reclamation/ revegetation is estimated to be 36 acres. Based on field obsen/ations during 
the Rl, meadow areas situated on and downgradient of the stockpiles displayed 
characteristics (i.e., hydrophylic vegetation, hydric soils, and hydrology) satisfying the 
criteria for identification of a wetland area as outlined in the 1987 Corps of Engineers 
Wetland Delineation Manual (ACE, 1987). If there are any potential impacts on the 
wetlands due to the implementation of ihe final remedy, ihe remedial design will need io 
address these impacts. 

IVIonitoring 

Ground water, surface waier, and sediment monitoring and evaluation will be conducted as 
part of ihe stockpile remedy to: (1) determine the effectiveness of the source control 
measures in preventing erosion and infiltration, (2) insure that contaminants are not 
migrating into Augur Creek (via surface mnoff or ground water discharge to surface waier), 
(3) further refine background levels and/or establish ground water, surface water, and 
sediment trends, and (4) insure the remedy remains protective of the potential beneficial 
use (aquatic habitat and livestock) and meets applicable standards. A monitoring plan 
shall be submitted, including a quality assurance program plan and a sampling plan, for 
EPA approval during the remedial design. Monitoring locations, sample frequency and 
indicator parameters will be defined in ihe site monitoring plan. The monitoring program 
will be assessed periodically io detennine if it should be supplemented or modified in any 
way. Additional remedial actions may be required in the event the evaluation of monitoring 
data show contaminant levels have increased and/or pose a threat to the environment. The 
following are specific monitoring requirements for Augur Creek and ground water 
upgradient and downgradient of the mine waste repositoty. 

Augur Creek Sediment and Surface Water IVIonitoring 

Surface water and sediment samples will be collected"in Augur Creek both 
upgradient and downgradient of the consolidated stockpile ai a minimum of one 
time per year. As previously discussed in Section 8.2 surface water in Augur Creek 
is expected to meet Oregon's State water quality standards (OAR 340-41 -925) for 
the Goose Lake Basin (See Table 8-1) and beneficial uses for the Goose Lake 
basin. Monitoring shall be conducted in surface water to insure tha,t these standards 
are being met. Sediment monitoring shall be conducted to establish trends and 
insure the remedy is protective. 
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Ground water Monitoring 

As with surface water, the discharge of ground water io surface water is expected 
. to meet Oregon's State water quality standards. At a minimum, the monitoring plan 

shall outline sampling for alluvium and shallow bedrock wells upgradient and 
downgradient of the mine waste reposiiory^ The goal of monitoring is io ensure 
that the potential beneficial uses of ground water (discharge to surface water) meet 
Oregon's State .water quality standards (OAR 340-41 -925) for ihe Goose Lake 
Basin (See Table 12-5 page 12-16) at the boundaty of the waste management area 
with Augur Creek and/or io establish a trend toward background concentrations. 

Institutional Controls 

Land use restrictions will be put in place to limit and manage human exposure to 
contaminated soil underneath the Mine waste repositoty cover and underiying 
groundwater, and any uses thai could impact the integrity of the Mine waste cover. 
Figure 6-1 shows ihe boundaries of public and private property at ihe Mines site. The 
private property that requires institutional controls is: 

Parcel 1, S1/2NE1/4, Section 30, T.37S., R.19E., W.M. This parcel is currently owned by 
the Coppin Trust (surface estate) and members of the Leehmann and Coppin families 
(mineral estate) 

Because the mine waste repositoty will be located on both National Forest System Lands 
and private property, different mechanisms for land use restrictions will be required: 

For private property land use restrictions will include proprietaty controls such as an 
equitable servitude and easement (consistent with ODEQ's "Final Guidance for Use of 
Institutional Controls" (ODEQ, 1998). This is a legal instmment placed in the chain of title 
that provides access rights to a property for inspection and maintenance and monitoring 
and restrictions preventing residential use and installation of drinking water wells. This 
type of control shall be set forth in an EPA and DEQ-approved form mnning wiih the land 
and enforceable by EPA and DEQ against present and future owners of the property. As 
an infonnational device the Mines site will be maintained on DEQ's Environmental Cleanup 
Site Information Database as long as the institutional controls remain in effect. One 
additional informational device is a deed notice to inform property owners thai 
contamination remains on site. Placement of a deed notice can be made by EPA. 

On National Forest System Land, an amendment io ihe Forest Plan (attached to ihis ROD) 
has been made by the Forest Sen/ice that prohibits the following uses on 240 acres at the 
Mines site. These prohibitions apply to most of the Mine Waste repositoty, all of ihe Lucky 
Lass stockpile and a small portion of the White King pond: 

Prohibitions 

As discussed in section 5.3.1.5 the perched ground water beneath the protore stockpile had elevated 
levels of inorganics and radionuclides which pose a human health risk. This remedy employs insututional conLrols to 
prohibit use of this ground water for drinking purposes and therefore remediation levels or monitoring are not 
required for the ground water beneath the consolidated stockpile. 
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» Residential structures or use 

• Drinking water well drilling 

Any permanent structures 

• Pennanent recreation sites (e.g., campgrounds) and uses (e.g. swimming in White 
King pond) 

Removal of stockpiled material 

Agricultural Aciivities 

Any other use that would impact the integrity of the Mine waste repositoty and 
Lucky Lass stockpile, including grazing on stockpiles and off-road vehicle use 

The area of the Mines site was also withdrawn from mining by the Bureau of Land 
Management (BLM) on August 9, 1993 to protect the rehabilitation wori< to be done on the 
Whiie King and Lucky Lass mine. This withdrawal will expire on August 9, 2013 (20 years) 
unless the withdrawal is extended. The USFS will request ihai the BLM continue to 
maintain a withdrawal of the area of the mine waste repositoty from mineral entty since 
this activity could damage the soil cover and the effectiveness of ihe remedy. 

Confinnaiion ihai land use restrictions are obeyed whether on private property or National 
Forest System lands will be monitored visually during the site inspections. During the site 
inspections, the private.property and National Forest System lands within and adjacent to 
ihe Mines site will be assessed as to whether the land use restrictions have been violated 
(e.g., material removed from the repositoty, constmction of housing etc.). 

Physical Access Restrictions 

Access will be restricted by constmcting a fence or other physical barrier surrounding the 
mine waste repositoty in order to prevent exposure to and dismption or use of the 
stockpiles materials. This fence/barrier will also prevent disturbance of th'e mine waste 
repositoty from humans and cattle or medium-to-large animals, which could expose the 
material to the effects of wind and water erosion. The specific iype.ahd size of the 
fence/barrier will be detemnined in design. If a fence is selected in design ihe foundations 
for ihe fence posts will extend below the maximum frost penetration depth io prevent 
damage to the fence from the freeze/thaw cycle during the winter months. A fence should 
have gates that can be locked at all times. Warning signs will be posted e'vety 200 feet 
along the fence/barrier stating the hazards, who to contact, and advising people not to 
remove or disturb any of the stockpiled material. Efforts will be made to reduce the visual 
impact of the fence/barrier. 
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12.2.2 White King Pond 

The Selected Remedy for the White King Pond is as follows: 

» Stormwater Management 

A diversion ditch wil! be constructed around the top of the highwall io collect and direct 
stormwater and minimize further erosion of the highwall. A stormwater management plan 
shall be developed during the design which will address surface water runoff, impact of 
perennial seeps at ihe base of the highwall, and highwall slope/stability in order to 
adequately address continued erosion into the pond. 

Maintenance of the White King pond 

The pH in ihe pond water •will be increased through periodic addition of pulverized 
limestone, limestone rock, hydrated lime or other neutralizing agents like soda ash. The 
state water quality standards for Goose Lake Basis requires a pH range of 7-9. The 
limestone application rate and frequency is a function of factors such as existing waier 
quality, source of acidification, volume of water, residence time of pond waier, limestone 
application method, and limestone type, purity and particle size. The frequency and rate of 
liming will be determined during the design. 

In addition to the liming, fertilizer may be added to the pond to stimulate primaty biological 
activity. The biomass ihai would be produced from the biological activity would settle to the 
bottom of the pond and begin io develop a cover over ihe existing sediments. Any 
additional application volume and frequency of the fertilizer would be detennined during the 
design and remedial action phase and will depend on the monitoring results discussed 
below. 

o Monitoring/Assessment 

Monitoring of the pond (water and sediments) and ground waier (including surface 
discharge or seeps along the highwall) will occur at a minimum of one time per year. A 
monitoring plan including a quality assurance program plan and a sampling plan will be 
submitted for EPA approval during the remedial design. The overall purpose of the 
monitoring is to collect informaiion to evaluate ihe effectiveness of pond neutralization, 
establish trends, and enable further evaluation of the spatial distribution of contaminants 
and ihe risks associated with pond waier, seeps, and sediments. Specific objectives 
include the following: Improve ihe conceptual site model for ihe pond; further describe the 
geochemical processes affecting pond chemistty and aquatic life; further characterize the 
sources, nature and extent of COCs in sediments, surface water, and seeps, and evaluate 
the ability to achieve Oregon's State water quality standards (OAR 340-41-925) for ihe 
Goose Lake Basin, particulariy for pH. 

In addition to the above monitoring, an assessment of ihe toxicity, bioavailability and 
bioaccumulation potential, and species exposure to contaminants in pond sediments shall 
be conducted. This assessment, in conjunction with ihe above pond monitoring, will 
provide information on the ecological risks associated with the pond and the feasibility of 
environmental protection for the proposed beneficial uses (primarily aquatic habitat). 
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Further evaluation of risks should utilize site-specific factors such as chemical 
bioavailability and toxicity to benthic and aquatic organisms using tests acceptable to EPA. 

The results of each seasons sampling and monitoring data will by reviewed annually by the 
EPA. The information will be evaluated to determine if the pond neutralization is effective 
and what risks are associated with pond sediments. If the daia verifies ihe toxicity of pond 
sediments to benthic or aquatic organisms at the population level which could impact 
higher trophic levels, additional action such as sediment capping or dredging may be 
required. This action would be documented in an ESD or ROD amendment. 

Institutional Controls 

Land use restrictions will be put in place io prevent residential, recreational, or agriculture 
uses of the pond. Because the White King pond is locaied on both National Forest System 
Lands and private property, different mechanisms for land use restrictions will be required 
as described above for the White King Stockpiles. The majority of the pond is on private 
land therefore ihe predominant mechanism for implementation of these controls will be 
through proprietaty controls such as an equitable servitude and easement (consistent with 
ODEQ's "Final Guidance for Use of Institutional Controls" (ODEQ, 1998). 

' Access Restrictions 

Physical restrictions, such as fencing, will be required io prevent exposure io the pond 
water and sediments. These restrictions may be eliminated in the future depending on the 
success of neutralization and any actions to address the risks associated with the pond 
sediments. Waming signs will be posted evety 200 feet along the fence stating the 
hazards, who to contaci, and advising people not to swim in the pond. 

« Inspection and Maintenance 

Site inspections will be conducted at a minimum of twice per year. The inspection and 
maintenance aciivities will include inspection and repair of fences, gates, locks, warning 
signs, and monitoring wells caused by inclement weather or vandalism. 

12.2.3 Lucky Lass Stockpile 

The Selected Remedy for the Lucky Lass Stockpile is: 

» Soil Excavation 

All surface soils thai exceed the levels shown in Table 12-5 page 12-16 shali be excavated 
and placed within the White King mine waste repositoty: 

Most of these soils have been identified in the Lucky Lass meadow, downhill from ihe 
overburden pile and Lucky Lass pit, with ihe highest uranium activities occurring in ihe 
upper 1 to 2 feet of soil. Other soils with elevated radium-226 activity occur on top of the 
Lucky Lass stockpile as a reddish-black rock, which contrasts with the lower activity chalk-
colored overburden. It is estimated ihat approximately 3,000 cubic yards of soil exceed a 
cleanup level of 3.6 pCi/g for radium-226 and 38 mg/kg for arsenic. A field screening 
methodology for identification of these soils, similar to the approach outlined above for the 
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White King soils, will be developed during the design. The excavated areas will be 
restored to existing grade including 3 inches of topsoil. The Lucky Lass stockpile material 
that has been impacted by drainage from the Lucky Lass pond will also be excavated and 
moved so that there is no further erosion impact from the Lucky Lass pond drainage. The 
excavated material will be regraded with the Lucky Lass stockpiles and ihe excavated area 
will be restored wiih riprap io reduce erosion. Recontouring of the Lucky Lass Mine 
overburden stockpile may also be necessaty if portions of ihe stockpile are used as a 
borrow source for ihe Whiie King mine waste repositoty cover. Such activities may 
include, but are not limited to, regrading the stockpiles to provide slope stability, promote 
drainage, and control erosion; placement of topsoil; and establishment of vegetation on ihe 
stockpile. No future monitoring or inspection and maintenance of ihe Lucky Lass stockpile 
will be required. 

institutional Controls 

Because the Lucky Lass mine area is situated entirely on National Forest S.ystem land, 
institutional controls musi be implemented through Forest Service mechanisms only. Land 
use restrictions are required io prevent residential/recreational use ai ihe mine, installation 
of drinking water wells within the stockpile, and removal of stockpile material. As 
discussed for ihe White King stockpile an amendment to the Forest Plan has been made 
by the Forest Service to prohibit these and other uses. In addition the area of the Lucky 
Lass Mine has been withdrawn from mining as described for the Whiie King Stockpile 
remedy. As an informational device the Mines site will be maintained on DEQ's 
Environmental Cleanup Site Information Database as long as the institutional controls are 
required. 

Access Restrictions 

Short-term access restrictions will include physical restrictions (e.g., fencing), waming 
signs, and safety measures until completion of ihe remedial action^ 

12.4 PEl 

CERCLA Section 121(e)(1) states that no Federal, State or local permit shall be required for the 
portion of any removal or remedial action conducted entirely "on-site" where such remedial action 
is selected and carried out in compliance wiih Section 121. The term "on-site" is clarified in the 
NCP, 40 CFR 300.400(e), which states that on-site means the aerial extent of contamination and 
all suitable areas in very close proximity necessaty for implementation of the response action. EPA 
has determined that the land areas adjacent to ihe Whiie King and Lucky Lass Stockpiles to be 
used for consolidation and/or recontouring of the stockpiled material'are necessaty for 
implementation of the remedy and considered on-site for purposes of CERCLA Section 121(e)(1). 
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12.5 SUMMARY OF THE ESTIMATED REMEDY COSTS 

The Total Present Worth Cost of the Selected Remedy is approximately $7,900,376'' based on a 
present worth discount rate of 7% and 30-year O&M. This value is for the combined costs for the 
White King Stockpile Altemative SP-3b, White King Pond Alternative WKPW-3, and Lucky Lass 
Stockpile Alternative LL-3. These costs are summarized in Tables 11-1 through 11-3. 

Due io changes made in Alternative SP-3b during the remedy selection process ihe cosi estimate 
in the FS (and presented in Section 10 of this ROD) has been modified to include the additional 
costs for excavation of portions of the protore stockpile and the costs for an additional 12-inch soil 
cover. In addition io these changes, EPA reduced the contingency costs for this alternative in the 
FS estimates from 25% to 10%. This decision was based on input from Jacobs Engineering under 
contract to the Forest Service and the Corps of Engineers who felt that a 25% contingency was 
too high given the relatively fevv unknovvns associated with this projeci. This resulted in a 
significant reduction in the cosi estimate that was shown in the FS for a similar altemative. On the 
other hand the cost associated with the sediment monitoring was not estimated in the FS and has 
not been included in the total remedy cosi. Given the significant unknowns surrounding ihe nature 
and extent of this monitoring no attempt was made to estimate these costs at this time. 

The cost summaty provided is based on the best available Information regarding the anticipated . 
scope of the remedial altemative. Changes in the cost elements are likely io occur as a result of 
new information and data collected during the engineering design of the remedial altemative. 
Maijor changes may be documented in the form of a memorandum in the Administrative Record 
file, and ESD, or a ROD amendment. This is an order-of-magnitude engineering cost estimate 
that is expected to be within +50 to -30 percent of the actual project cost. 

12.6 EXPECTED OUTCOMES OF THE SELECTED REMED.Y 

The purpose of ihis response aciion is to control risks posed by direct contact with contaminated 
soil, ground water, and sediments and io minimize migration of contaminants to these media. The 
results of the baseline risk assessment indicate ihat existing conditions at the Mines site pose an 
excess lifetime cancer risk of 3 x IO"'* to a current worker exposed to radionuclides in soil. Risks to 
wori<ers from arsenic in soils was 6x10"^. Non-cancer risks were also elevated (hazard index of 
4) for current child recreational users primarily from ingestion of arsenic in soils. For potential 
future residents ihe chemical and radionuclide cancer and non-cancer risks were much higher 
(cancer risks up to 5 x 10"' and non-cancer hazard indexes up to 5,000) due to exposure to soil 
and shallow ground water. 

The source control measures of consolidation and cover of the White King stockpiles, off-pile 
areas, and haul road and portions of ihe Lucky Lass stockpile will reduce the pathway of exposure 
for human and ecological receptors which will reduce the potential risks to correspond with an 
excess lifetim.e cancer risk of 1 x 10"® or a hazard index of 1. It will also reduce the potential 
migration of contaminants into Augur Creek surface water, sediments and ground water. 
Monitoring of surface water, sediment, and ground water will be conducted to verify that 
contaminants are not migrating and ensure the beneficial use of these resources. Implementation 

9 

This number is based on a combination of revised costs for Alternatives SP-3b as discussed in section 12.7. Cost for WKPW-?, 

and Ca";ts for Lucky Lass LL-3. 
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of the remedy should be completed within 3 years and allow return of the Mine site (with the 
exception of ihe mine waste repository and pond) to the anticipated future use of recreation, 
grazing, and timber production. Riparian habitat in the meadow will also be restored. Short-term 
impacts during the period of implementation are minimal and do not persist throughout the entire 
year due to snowfall and limited access to the Mines site. 

The baseline ecological risk assessment predicted adverse impact to aquatic invertebrates 
exposed to non-radionuclide contaminants in the Whiie King pond sediments. The greatest risks 
were associated with the arsenic in sediments (HI of 33). Historically vety little aquatic life has 
inhabited the Whiie King pond. This is probably due to a number of factors including low pH and 
elevated sediment arsenic levels. Increasing the pH in ihe Whiie King pond and further evaluation 
of the sediments will help to determine what future beneficial uses of the pond are achievable. If 
the daia verifies ihai sediments pose an unacceptable risk io aquatic organisms ai the population 
level which could impact higher trophic levels, additional action such as sediment capping or 
dredging may be required. This action would be documented in an ESD or ROD amendment. 

12.6.1 Remediation Levels 

Numerical cleanup levels have been established to address ihe primary risk drivers and ihe RAOs 
discussed in Section 8.0. These values will be used to guide soil excavation and ensure that the 
source control measures being taken are effective in preventing migration of contaminants into 
other media. Due io the natural mineralization in ihe area of ihe site preliminary background 
levels are higher than either risk based levels or applicable standards, and are therefore the basis 
for most of the cleanup levels discussed below. Further refinement of all media background 
values will be conducted as part of the remediai design and remedial action. 

White King Stockpile 

For the Mines site stockpiles and soils EPA used ODEQ's cleanup law (ORS 465.315 and 
implementing regulations at OAR 340-122), which establishes standards for cleanup based on 
acceptable risk levels orbackground concentration, whichever is higher. At the White King Mine, 
background levels are higher ihan the protective levels, due to ihe natural mineralization in the 
area, and therefore were used to establish excavation levels. EPA and DEQ policy is to remediate 
to background, regardless of the risk from exposure to background concentration. Based upon 
EPA's detemnined subsurface background at Whiie King the remediation levels shown in Table 
12-1 apply to excavation into the surface and subsurface. Clean fill will be added to the surface or 
excavation after removal of the stockpiles, in order io meet surface soil background 
concentrations. Surface soil background levels will be established during the remedial design. 

Tabte 12-1 White King Soil Remediatiorj Levels 

Area 
of Site 

While 
King 
Soils 

Because 
cleanup 
234 and 

Chemical Remediation 
Level 

Arsenic 

Radium-
226 

442 mg/kg 

6.8pCi/g 

Basts for RemedJatiors Level 

Background (95% UTL lognormal subsuriace soils 
- under and near pile locations omined) 

Background (95% UTL normal subsuriace soils -
under and near pile locations omitted) 

arsanic is an intrinsic componsnt of mineralization at the While King mine, 
or radium-226 to background will assure that arsenic, thorium-230 and uranium-
-238 also will be removed. 
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White King Pond Water 

The remediation level for arsenic, the primaty COC in the pond water, is shown in Table 12-2. 
Remediation levels would typically be based on surface water quality standards or pond surface 
water background values, whichever is less stringent. Since the pond was created by mining 
aciivities, a background value, as that term is used by EPA, is noi available for the pond. Since 
the pond water is primarily derived from ground water the discharge from ground water to surface 
water should meet surface water background concentrations since background is higher than ihe 
applicable standard or protective level. Therefore, ihe value shown below is based on ihe Augur 
Creek surface waier background levels. A remediation level for pH has also been established to 
guide the neutralization actions being taken on the pond. This value is based on the goal of 
meeting Oregon's State waier quality standards (OAR 340-41 -925). Further monitoring and' 
evaluation of the pond during ihe remedial aciion will determine the ability to meet this standard. 

Table 12-2 White King Pond Water Remediation Levels 

Area 
of Site 

White 
King 
Pond 

Chemical 
or 

Parameter 

Arsenic 

pH 

Remediation 
Goal 

0.033mg/L^ 

7-9 

Basis for Remediation Goal 

95% UTL Background'' 

Goose Lake Basin Criteria OAR 340-41-
925(2)(d) 

^ Based on total recoverable concentrations in water 

^ 95% UTL normal distribution upgradient of White King pond (value may be elevated 
due to an outlier) 

White King Pond Sediment 

As a result of limited information on the arsenic concentrations in sediment, and the unknowns 
associated with long term pond neutralization, numerical cleanup goals for sediment have not yet 
been established. After a period of investigation and evaluation described in Section 12.2 
remediation goals will be selected that will be proieciive of the beneficial use. • 

Augur Creek Surface Water 

Active remediation of surface waier is not required in Augur Creek in order to achieve protection of 
human health and the environment. Monitoring of surface water will be conducted to ensure, the 
stockpile remedy is effective and ensure thai contaminants are not migrating The remediation 
levels for arsenic in surface water are based on the Augur Creek background concentration 
developed during the remedial investigation. By selecting a background level as a goal it is in 
compliance with the state water quality standards and the state environmental cleanup law. 
Background is provided for under 340-041 -925 (3) of the state water quality mle and under OAR 
340-122-040 the state cleanup mles. 
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Area of 
Site 

Augur 
Creei< 

Surface 
Water 

Table 12-3 Augur Creek Surtace Water Remediation Levels 

Chemical or 
Parameter 

Arsenic 

Remediation 
Level 

0.033m g/L^ 

Basis for Remediation Level 

95% UTL Background" 

^ Based on total recoverable concentrations in w/ater 

" 95% UTL normal distribution upgradient of White King pond (value may be elevated dije to 
an oiiiiier) 

Augur Creek Sediment 

Some portions of Augur Creek, particulariy those adjacent to the Whiie King stockpiles, contain 
elevated levels of arsenic in sediment from stockpile erosion. The maximum observed 
background concentration upstream of the White King mine was determined to be 4.2 mg/kg. The 
lowest effect level for aquatic life, based on ihe Ontario Sediment Quality Standard, is 6 mg/kg.. 
Since this value is less stringent than background ii was selected as the cleanup level for these 
areas. In the case of Manganese the background value of 1610 mg/kg was less stringent than a 
protective level of 460 mg/kg (Hl=:1) and therefore background was selected as the remediation 
level. A visual cleanup approach as described above for the stockpile soils will be utilized to the 
maximum extent practicable, followed by verification sampling. 

Table 12-4 Augur Creek Sediment Remediation Levels 

Area of Site 

Augur Creek 
Sediment 

Chemical 
or 

Parameter 

Arsenic 

Manganese 

Remediation 
Level 

6 mg/kg (dry 
weight) 

1610 mg/kg 

Lowest Effect Level Ontario 
Sediment Quality Guidelines 

Background Highest Upgradient 
Concentration 

Ground water (White King & Lucky Lass) 

Active remediation of ground waier is not required at the Mines site in order to achieve protection 
of human health. Institutional controls are being used to restrict use of ground water beneath the 
stockpiles. (The concentration of arsenic in all downgradient wells are below MCLs). Discharge of 
groundwater to surface waier is the State designated beneficial use. (Under the NCP ground water 
would be designated as Class 11(b). Eventually ground water at ihe edge of the waste 
management area should be retumed to drinking water standards (the MCL for Arsenic is currently 
50Mg/l) or background, whichever is less stringent.) In order to protect the aquatic habitat of Augur 
Creek, the discharge from ground water io surface water should meet background concentrations 
since background is higher than the applicable standard or protective level. A potential risk was 
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also identified for radon in ground water. Again the area background values are elevated and the 
basis for the remediation level. (The current proposed MCL for a community water system is 300 
piC/L). Monitoring of ground water will be conducted to insure ihai contaminants are not migrating 
and insure protectiveness of the designated beneficial use of ground water. 

Table 12-5 White King/Lucky Lass Mine Ground water 

Area of Site 

Ground water at 
Edge of Waste 

IVlanagement Area 

Chemical 
or 

Parameter 

Arsenic 

Radon 

Remediation 
Level 

0.033mg/L' 

704pCi/L 

Basis for Remediation 
Level 

95% UTL Background" 
for Surface Water 

95% UTL Background for 
Ground water^ 

^ Based on dissolved concententrations in water 

*> 95% UTL normai distribution upgradient of White King pond (value may be elevated 
due to an outlier) 

•= Value derived from 14 "background" wells identified in the Rl 

Lucky Lass Stockpile 

As with the White King soils EPA used ODEQ's cleanup law (ORS 465.315 and implementing 
regulations at OAR 430-122), for establishing standards for cleanup based on acceptable risk 
levels or background concentration. At the Lucky Lass Mine, the cleanup goals are lower that at 
the White King Mine due to differences in local background levels. The remediation goal for 
arsenic is 38 mg/kg based on recreational use (ihe most likely exposure scenario). The radium-
226 cleanup level is 3.6 pCi/g, again based on background levels. The soil cleanup process will 
begin wiih gamma screening to identify areas wiih elevated Radionuclides followed by excavation 
using a visual criteria as described for the White King stockpile soils. Following soil excavation 
confinnaiion sampling and gamma screening will be conducted to verify cleanup. 

Table 12-6 Lucky Lass Soil Remediation Levels 

Area of 
Site 

Lucky 
Lass 
Soils 

Chemical 

Arsenic 

Remediation 
Level 

Radium-
228 

38 mg/kg 

3.6 pCi/g 

Basis for Remediation Leve! 

1x10'̂  Protection for Recreational User ORS 
465.315 

Background - 95% UTL normal distribution 
subsurface soils (without meadow locations) 
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SECT80IM 13 

STATUTORY DETERi\/SiMAT80NS 

Under CERCLA §121 and the NCP, the lead agency must select remedies ihat are protective of 
human health and the environment, comply wiih applicable or relevant and appropriate 
requirements (unless a statutoty- vvaiver is justified), are cost-effective, and utilize permanent 
solutions and alternative treatment technologies or resource recovety technologies io ihe 
maximum extent practicable. In addition, CERCLA includes a preference for remedies that employ 
treatment that permanently and significantly reduces the volume, toxicity, or mobility of hazardous 
wastes as a principal element and a bias against off-site disposal of untreated wastes. The 
following sections discuss how the selected remedy meets these statutoty requirements. 

13.1 PR0TECT80N OF HUMAN HEALTH AHD THE EMVSROMftAEMT 

The selected remedy. Containment and Consolidation of ihe Whiie King Stockpiles (SP-3b), Pond 
Water Neutralization (WKPW-3), and removal of soils exceeding remediation goals at Lucky Lass 
(LL-3), will protect human health and the environment by: 

• Preventing direct contact, including ingestion, dermal contaci and inhalation of soils 
containing COCs above health-based levels 

» Restricting access io the contaminated soils through physical and institutional controls 

» Neutralizing the acidic water in the White King pond and restricting access to the pond until 
the risks from pond sediments are more fully evaluated 

• Consolidating and covering of contaminated soils to reduce infiltration of COCs into ground 
water 

There are no short-term threats associated with ihe selected remedy ihat cannot be readily 
controlled. In addition, no adverse cross-media impacts are expected from ihe selected remedy. 

Implementation of the selected remedy is not expected to pose unacceptable short-temn risks or 
significant cross-media impacts. 

• 13.2 Compliance wi th Appiicabie or Relevant and Appropriate Requirements 

The selected remedy for ihe Mines site will comply with Federal and State ARARs that have been 
identified. No waiver of any ARAR is being sought or involved for the selected remedy. Where a , 
State ARAR is equivalent or more stringent ihat a corresponding Federal ARAR, only the State 
ARAR is identified. The ARARs for the Mines site are identified below. 

Applicable or Relevant and Appropriate Requirements (ARARs) 

CERCLA remedial action is required to comply with applicable or relevant and appropriate 
requirements (ARARs), unless an ARAR is waived. ARARs for cleanup of the Mines site include 
statutoty and regulatoty requirements promulgated by the State of Oregon that address ihe 
disposal of radioactive material including uranium mine overburden. Also see Section 10.2.1 for a 
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discussion of this ARAR. These rules require that radioactive material noi be located in: certain 
specified locations which affect some of the stockpiles and the placement of the mine waste 
repositoty ai ihe Mines site. The rules include a pathway exemption set forth in OAR 345-050-
0035, which exempts certain material from the mles. The Oregon Office of Energy, the agency 
charged with administering these laws, detenmined ihat the floodplain and erosion standards apply 
to ihe overburden piles because ihe gamma pathway set forth in OAR 3450-50-0035 is exceeded. 
OOE has determined that concentrations of radioactive material in the overburden and protore 
stockpiles ai ihe Mines site exceed the pathway exemption and therefore are subjeci io ihe 
requirements of this rule. For such disposal, a site is not suitable if it is located in: an area subject 
to surface water erosion over the projected life of ihe facility considering historical erosion, ancient 
shorelines, stream beds and cutting due to floods; a 500-year floodplain of a river, stream or creek 
considering potential erosion effects; an active fault zone; an area of ancient, recent or active 
mass movement; an area subject to volcanic damage. 

The selected remedy will also comply with the following ARARs: 

Federal Endangered Species Aci of 1973 (16 USC 1531 et seq., 50 CFR Part 200, 402). This . 
regulation is applicable to any aciion authonzed, funded, or carried out by any Federal agency that 
could jeopardize the continued existence of any listed species or result in the destmction or 
adverse modification of habitat of such species. The listed and proposed endangered and 
threatened species thai may occur within ihe area of ihe Mines site is ihe bald eagle, Canada 
Lynx, and Modoc Sucker. A biological evaluation completed by the Forest Service on 6/15/01 
determined no impact or environmental effects from the project on habitat, individuals, a 
population, or listed or sensitive Therefore EPA has determined the implementation of the 
selected remedy is not likely to affect the listed species or their designated critical habitat. 

Oregon Revised Statute (ORS) Chapter 469.375. (Required Findings for Radioactive Waste 
Disposal Facility). Under this statutoty provision, the Oregon Energy Facility Siting Council (EFSC) 
shall not issue a site certificate for a waste disposal facility for uranium mine overtDurden unless 
certain findings are made. Although a site certificate issued by the EFSC is not required at this 
site pursuant to CERCLA Section 121 (e)(1), portions of this requirement are relevant and. 
appropriate. The remedial action will comply with this requirement by noi locating the mine waste 
repositoty in an area determined io be potentially subject to river or creek erosion within the 
lifetime of ihe facility. 

Oregon Administrative Rules (OAR) Chapter 345, Division 50 (Radioactive Waste Materials), 
Section 60 (Site Suitability), These rules are applicable and govern disposal of radioactive 
material, including uranium mine overburden. For such disposal, a site is not suitable if it is 
located in: an area subject to surface water erosion overthe projected life of the facility 
considering historical erosion, ancient shorelines, stream beds and cutting due io floods; a 500-
year floodplain of a river, stream' or creek considering potential erosion effects; an active fault 
zone; an area of ancient, recent or active mass movement; an area subject to volcanic damage. 
The remedial action will satisfy this requirement because the mine waste repositoty will not be 
located in any of these areas. The mles also include a pathway exemption set forth in OAR 345-
050-0035, which exempts certain material from the rules however, the Oregon Office of Energy, 
the agency charged with administering these laws, determined ihat the concentrations of 
radioactive material in the stockpiles at the White King mine exceed the gamma pathway set forth 
in OAR 3450-50-0035. OOE made this detennination based on radium-226 concentrations 
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sampled in the stockpiles (OOE's June 21, 2000 letter sets forth the reports of sampling data). 
OOE compared these concentrations to levels seen ai other sites, and concluded that gamma 
radiation at the White King overburden and protore stockpiles would result in exposures exceeding 
500 millirem per year. Because the exemption does not apply, the remedy will comply with these 
requirements. 

Water Pollution Control Laws (ORS Chapter 468B) and Oregon Stormwater Standards (ORS 
Chapter 468B.025). Although the administrative pennitting requirements of this provision are not 
applicable io the. Mines site, the substantive stormwater protection requirements are relevant and 
appropriate. The 468 requirements address effluent standards, substantive permit requirements 
for discharges to U.S. waters, and minimum Federal water quality criteria. The remedy will meet 
these requirements by consolidating the stockpiles with a cover and native vegetation, and 
treatment of the White King pond water. Monitoring wil! be conducted on surface water to ensure 
the remedy meets these requirements. The 46SB requirements address any construction activity 
that disturtDS more than 5 acres. Although a permit is not required at the Mines site pursuant to 
CERCLA Section 121(e)(1), ihe substantive provisions .of Oregon's NPDES general pennit 122-E 
will apply. The remedial aciion will meet these requirements through preparation of an erosion and 
sediment control plan during the design. This plan will use best management practices to prevent 
discharge of significant amounts of sediment to surface waters in order to comply wiih water 
quality standards in OAR 340-41. 

Clean Air Act, 42 U.S.C. §§ 7401 et seg., (CAA), National Ambient Air Quality Standards 
(NAAQS) 40 CFR. Part 50; Oregon implements the Federal Clean Air Act requirements and 
ambient air standards. These regulations are. applicable for control of dust particles emitted into 
the air during remediation constmction activities. The selected remedy will meet these 
requirements by using dust control measures while excavating the stockpiles. 

Oregon Environmental Cleanup Law, Oregon Revised Statute (ORS) Chapter 465.315; OAR 
Chapter 340 Division 122 (Hazardous Substance Remedial Action Rules). These mles are 
applicable for ihe establishment of cleanup levels and selection of remedial actions. OAR 340-
122-040(2) requires that hazardous substance remedial actions achieve one of four standards: 
a)acceptable risk levels, b) generic soil numeric cleanup levels, c) remedy-specific cleanup levels 
provided by ODEQ as part of an approved generic remedy, or d) background levels in areas where 
hazardous substances occur naturally. The risk based and background levels are applicable to 
the Mines site. 

OAR 340-122-115 defines the following maximum acceptable risk levels: 

« 1x10"® for individual carcinogens 

o 1x10"^ for multiple carcinogens, and 

' a Hazard Index of 1.0 for noncarcinogens 

These acceptable risk levels were used as a basis to establish soil remedial goals for the Mines 
site, taking into account the current and reasonably likely future land use, as presented in Section 
6. These remedial goals are applicable io soil at ihe Mines site where COC concentrations in soii 
exceed the remedial goals and background and wil! be achieved through a combination of soil hot 
spot removal, consolidation and covering, and institutional controls. 
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OAR 340-122-085(7) requires that, for hot spots of contamination in media other than ground 
waier or surface water, ihe feasibility of treatment be evaluated. This evaluation is discussed 
further in Section 11. 

Further assessment of the White King pond will determine the effects of arsenic on aquatic 
invertebrates. Additional action, if determined io be necessaty, io address unacceptable risk 
levels in the aquatic environment will be documented in an ESD or ROD amendment. 

OAR Chapter 345, Division 92 (Standards for the Siting of Uranium Mills), Section 31(1) 
(Standards Relating to Public Health and Safety of Uranium Mill Operation, 
Decommissioning and Waste Disposal). This regulation establishes standards that applicants 
must meet to obtain a site certificate for uranium mills and related and supporting facilities, which 
includes any site for the pennanent disposal of mine overburden. This regulation is not applicable 
io the remedial action because ii applies to an application to prospectively consinuct and operate a 
uranium mill and supporting facilities. However, this regulation is relevant and appropriate because 
it establishes allowable radiation equivaleni criteria for any member of the public, criteria for 
release of airborne effluents and protection criteria for population doses. The remedy will meet 
these requirements by covering ihe stockpiles and reducing radiation exposures io below ihe 
levels established under these requirements (25 millirems to whole body, 75 millirems to thyroid, 
etc). 

OAR Chapter 345, Division 95 (Construction, Operation and Decommissioning Rules for 
Uranium Mills), Section 90 (Public IHealth Impacts). This regulation applies to uranium mills 
and related and supporting facilities operated pursuant to a site certificate agreement, li is 
relevant and appropriate because it establishes allowable radiation equivalent criteria for any 
member of the public, criteria for release of airtDorne effluents and protection criteria for population 
doses. The remedy will meet these requirements by covering the stockpiles and reducing overall 
radiation exposures. 

36 CFR Part 228 (Minerals), Section 8. These regulations are intended to minimize adverse 
environmental impacts on National Forest Service System surface resources in connection wiih 
operations authorized by Federal mining. In addition to requiring compliance with applicable air 
quality, waier quality, and solid waste standards, this section requires thai operators, to ihe extent 
practicable, hamnonize operations with scenic values through construction of stmctures which 
blend with ihe landscape, take all practicable measures to maintain and protect fisheries and 
wildlife habitat that may be affected by operations, construct and maintain all roads to assure 
adequate drainage and minimize damage io soil, water and other resource values, and reclaim the 
surface disturbed in operations by controlling erosion, landslides, and water mnoff, isolating, 
removing or controlling toxic maieriais, reshaping and revegetation of disturbed areas where 
reasonably practicable, and rehabilitating fisheries and wildlife habitat. This section is relevant and 
appropriate io the remedial action at ihe Mines site. The selected remedy will meet these 
requirements by excavating and consolidating stockpiles to blend with the natural contours at the 
Mines site. Placement of a soil cover and establishment of vegetation on the stockpiles will also 
prevent erosion and reduce infiltration which will protect Augur Creek and its associated wetland 
habitat. Neutralization of the White King pond"may allow the establishment of a diverse aquatic 
community which will enhance and protect this habitat. 
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Oregon Administrative Rules, Chapter 345, Division 95 (Oregon Construction, Operation and 
Decommissioning Rules for Uranium Mills) Section 118 (Mine Reclamation). Because this 
regulation applies to uranium mills and related and supporting facilities operated pursuant to a site 
certificate agreement, it is not applicable to the remedial action. However, it is relevant and 
appropriate because it requires ihai a mine site be reclaimed by modifying overtDurden and waste 
dump slopes io grades favorable to reclamation, implementing surface waier management 
measures to prevent water collection or erosion in the area and to aid in revegetation of the site. 

Oregon Administrative Rules, Chapter 632, Division 30 (Oregon Mined Land Reclamation 
Action) Section 27 (Minimum Standards for a Reclamation Plan). These rules prescribe 
procedures for obtaining an operating permit and complying wiih other requirements of the Oregon 
Mined Land Reclamation Act. Although a permit is not required at the Mines site pursuant to 
CERCLA 121(e)(1), portions of the substantive requirements are relevant and appropriate. A 
reclam.aiion plan is noi required io be submitted, although the remiedia! design vvill address certain 
minimum standards of a reclamation plan. 

Migratory Bird Treaty Act (16 OSC 703 et seq.). The Migratory Bird Treaty Act makes it unlawful 
to "hunt, take, capture, kill" or take various other actions adversely affecting a broad range of 
migratOty birds, including mallards, ravens, juncos, nuthatchs, chickadees, and sandhill cranes 
(see 50 CFR 10.13) for a list of protected migratOty birds) without prior approval by the 
Department of the Interior. This statute and implementing regulations are relevant and appropriate 
for protecting migratory bird species identified at the Mines site. The selected remedies will be 
carried out in a manner thai avoids taking or killing of protected migratOty bird species, including 
individual birds or their nests. 

Other Criteria, Advisories, or Guidance To-Be-Considered (TBCs) for this remedial action 

Additional policies, guidance, and other laws and regulations considered in the selection of the 
remedy, or which impact the remedy include the following: 

Health and Environmental Protection Standards.for Uranium and Thorium Mill Tailings, 40 
C.F.R §192, Authority: Sec. 275 of the Atomic Energy Act of 1954,. 42 U.S.C. §2022, as added 
by the Uranium Mill Tailings Radiation Control Act of 1978, Pub. L. 95-604, as amended.). 
This rule provides general design standards for cleanup and disposal of uranium tailings from 
inactive uranium processing sites as yvell as regulations to correct and prevent contamination of 
ground water from these sites. Because mine wastes are radiologically and geochemically similar 
io tailings, ihis standard is "to be considered" in design of the mine waste repositoty and soil cover. 

International Atomic Energy Agency (SAEA) Guidelines (Technical Report Series No. 335). 
This document provides current practices used in design, siting, constmction, and closeout of 
impoundment facilities for uranium mill tailings. Because the Mines site does not contain mill 
tailings, these guidelines are noi directly applicable to the selected remedy. However, given the 
similarity between the wastes at the Mines site and those discussed in these guidelines and the 
similar goals ihey are "to be considered" in ihe design of the mine waste repositoty and soil cover. 

The EPA action level of 4.0 pCi/1 of indoor radon is commonly recognized by Federal (and ODEQ) 
agencies as an upper limit on radon exposure in the home. This is equivalent to 0.02 WL (Lung 
Cancer Risk from Indoor Exposures to Radon Daughters, Intemal Commission on Radiological 
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Protection (ICRP) Publication 50, 1987, Pergamon Press, Oxford). The selected remedy will meet 
these levels by covering the stockpiles and preventing future residential use of the Mines site. 
Post constmction monitoring of ihe mine waste repositoty will be conducted io confirm compliance 
wiih these levels. 

U.S. Water Quality Criteria, 1986 

The water quality criteria are standards for ambient surface waier quality. These criteria present 
guidance on the environmental effects of pollutants that can be a useful reference in 
environmental monitoring. These criteria are "to be considered" in monitoring surface waier ai the 
Mines site and evaluating remediation levels. 

13.3 COST-EFFECTSVEhSESS 

The selected remedy is determined to be cost-effective. In making this detennination, ihe 
following definition set forth in the NCP was used: "A remedy shall be cost-effective if iis costs are 
proportional io its overall effectiveness." (40 CFR §300.430(f)(1)(ii)(D)). This was accomplished by 
evaluating the "overall effectiveness" of those alternatives that satisfied the threshold criteria {i.e., 
were both protective of human healih and ihe environment and ARAR-compliant). Overall 
effectiveness was evaluated by assessing three of the five balancing criteria in combination (long-
term effectiveness and pemnanence; reduction in toxicity, mobility, and volume through treatment; 
and short-term effectiveness). Overall effectiveness was then compared io costs to detennine 
cost-effectiveness. The relationship of the overall effectiveness of this remedial alternative was 
detennined to be proportional to its costs and hence this alternative represents a reasonable value 
for the money to be spent 

The estimated present worth cost of the selected remedy is as follows: 

Altemative SP-3b (stockpiles): $6, 625,376 
Alternative LL-3 (Lucky Lass): $535,000 
Alternative WKPW-3 (White King Pond): $740,000 

13.4 UTILIZATION OF PERMANENT SOLUTIONS AiMD ALTERNATIVE TREATMENT 
TECHNOLOGIES (OR RESOURCE RECOVERY TECHNOLOGIES) TO THE MAX8M0M 
EXTENT PRACTICABLE 

The selected remedy represents ihe maximum extent to which permanent solutions and treatment 
technologies can be utilized in a practicable manner at the Mines site. Of those alternatives that 
are protective of human health and the environment and comply wifh ARARs, the selected 
remedy provides ihe best balance of trade-offs in temns of the five balancing criteria, while also 
considering the statutoty preference for treatment as a principal element and bias against off-site 
treatment and disposal and considering State and community acceptance. 

13.5 PREFERENCE FOR TREATPJENT AS A PRINCIPAL ELEMENT 

The selected remedy utilizes alternative treatment (or resource recovety) technologies to the 
maximum extent practicable for this site. The remedy for the White King Pond, in-situ 
neutralization, satisfies the statutoty preference for treatment as a principal element of the remedy. 
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Neutralization of the pond water increases the pH and reduces the concentration of COCs in the 
surface water. Treatment of the remaining threats, stockpile soils, was not found to be practicable 
due to the large volume. 

13.6 FIVE-YEAR REVIEW REQUIREMENTS 

Because this remedy will result in hazardous substances, pollutants, or contaminants remaining 
on-site above levels that allow for unlimited use and unrestricted exposure, a statutoty review will 
be conducted within five years after initiation of remedial action to ensure that the remedy is, or will 
be, protective of human health and ihe environment. 
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SECTION 14 

DOCUSVIENTATION OF S5GNIFICANT CHANGES 

The Proposed Plan was released for public comment in October 1999. li identified Alternative SP-
3b as the preferred altemative for the White King stockpiies which included recontouring of the 
protore stockpile, consolidation with the overburden stockpile, a 24-inch rock/soil cover, and a 20-
ifooi setback from Augur Creek (excavation of 33,000 cubic yal'ds). Comriient was received from 
OOE indicating that Alternative SP-3b would not comply with State of Oregon requirements 
because ihe mine waste repositoty would still be within the Augur Creek floodplain. 

In order to meet the State requirements Altemative SP-3b was modified as discussed in Section 
9.3.1.3. This change requires movement of approximately 138,000 cubic yards of the protore 
stockpile from the Augur Creek floodplain. While this is a larger volume of material than was 
originally described in the FS for this altemative, this action serves the same purpose, to prevent 
erosion, and therefore could have been reasonably anticipated based on the information in the 
Proposed Plan. 

The preferred alternative also identified a 12-inch rock bio-barrier covered by a 12-inch soil cover 
for the White King mine waste repositoty. After the public comment period, EPA sought additional 
input on ihe cover design from the U.S. Army Corps of Engineers (COE) and other technical 
experts within EPA. The COE and others commented ihai ihe 12-inch soil layer, underiain by a 6 
or 12-inch bio-barrier (cobbles) may not perform as intended and may effectively prevent plant root 
penetration and the establishment of vegetation on ihe soil cover. The 12-inch rock layer would 
also cause ihe cover soil to dty out vety quickly (from above and below) leaving inadequate 
moisture for good vegetation. A poor stand of vegetation could lead to a higher long-temn erosion 
rates of the 12-inch soil cover. In addition it was felt that 12 inches of soil alone is too thin to 
provide protection against large rainfall events and that 24 inches of soil would provide additional 
protection from long-term erosion. Based upon this input, EPA changed ihe soil cover design from 
24 inches of rock/soil to 24 inches of soil. While this design does not eliminate potential 
biointmsion of ihe burrowing animal species present at the Mines site (mice and shrews), it will 
allow for establishment of vegetation and protection from erosion. EPA felt that establishment of 
vegetation outweighed the potential impact from burrowing animals, which can be easily 
addressed through annual maintenance. In addition field obsen/ations of ihe piles indicate no , 
presence of burrrowing animals and suggest the overburden material is not physically suited for 
constmcting burrows. This change also could have been reasonably anticipated .based on the 
informaiion in ihe Proposed Plan. 

Cost Calculations 

The cost estimates presented in the FS and ihe Proposed Plan included a 25% allowance for 
contingencies. After the public comment period EPA re-evaluated the FS cost estimates. 
Typically the contingency percentage is included to cover costs for unforseen constmction 
conditions as well as costs for incomplete designs during construction. While it is possible for total 
percentage contingencies to reach 35% on some projects, this usually happens at projects with 
complex treatment trains utilizing a number of treatment technologies. At the Mines site EPA 
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believes that there are few unknowns that would complicate the implementation of the stockpile 
remedy. The material to be excavated is easily identified and ihe volumes are known. There are 
no complex treatment processes or specific difficulty in handling the material. Therefore, EPA 
believes that ii is more appropriate to use a 10% figure for contingency to estimate the costs of the 
stockpile alternative SP-3b which is reflected in Tabie 11-1. While it was also felt ihai ihe 
constmction management costs were higher than what is typically used, these values were not 
changed. There have been no changes made in the costs associated with the selected alternative 
for the White King pond or Lucky Lass stockpile. 
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5-1 -White King Surface and Subsurface Soil—Comparisons to Standards 

Inorganics {mg/kg 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum* 

Nickel 

Selenium 

Silver 

Strontium' 

Thallium 

Vanadium 

Zinc 

Surface and Subsurface Soil 

Background 

SXs 

Background" 

UMTRA 

Soil 

Standards 

90% UCL 

Pile 
• 

Concentration 

Selected for 

Detailed 

Discussion" 

90% UCL 

Off-Pile 

Concentration 

Selected for 

Detailed 

Discussion" 

-
106000 

9.9 

5.2 

598 

2 

0.67 

57.2 

37.7 

61.2 

64800 

13.6 

1640 

0.06 

NA 

68.7 

0.63 

0.95 

NA 

0.47 

159 

88.8 

UJ 

U 

UJ 

530000 . 

49.5 

26 

2990 

10 

3.35 • 

286 

189 

306 

324000 

68 

8200 

0.3 

344 

3.15 

4.75 

2.35 

795 

444 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV . • 

NV 

NV 

NV 

NV 

23365 

76.4 

2315 

160 

4.27 

0.45 

15.2 

'9.27 

31 

17834 

64.4 

408 

11.3 

535 

16.6 

i 0 4 

0.57 

74.9 

3.87 

35.4 

54.2 

N 

Y 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

Y 

N 

N 

43783 

5.47 

111 

277 

2.49 

0.36 

28.2 

17.45 

43.3 

30348 

1Z8 

1478 

0.48 

8.07 

31.3 

3.6 

1.12 

52.1 

1.26 

77.3 

62 

N 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

Radionuclides (pCi/g) 

Uranium 234 

Uranium 238 

Radium 226 

Radium 228 

Thorium 228' 

Thorium 230 

Thorium 232 

0.7 

. 0.73 

0.31 

0.53 

NA 

1.15 

0.75 

3.5 

3.65 

1.55 

2.65 

5.75 

3.75 

NV 

NV 

5.36°/1S.3l'= 

NV 

NV 

NV 

NV 

24.3 

23.2 

35.8 

0.92 

37.4 

0.99 

Y 

Y 

Y 

N 

N 

Y 

N 

12.5 

13.1 

1.2 

0.54 

2.63 

0.49 

• 

Y 

Y 

N 

N 

N 

N 

N 

a - When me bacKground concentration was undetecied 5 limes the aetection iimit was used 

b - UMTRA surface sal stanaara :s the background value otus 5 pCi/g 

c - UMTRA suDsurtace soil siandard is ttie background value pius "i5 pC'/g 

d - The compounds selected for detailed discussion nad 90% UCL concentrations greater than the standard (or greater than 5 times background if no standard exists). 

NA - Not analyzed 

NV - No value 

• Pre-RI data did not have background samples collected 

U = Undetected 

J = Estimated 
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I 
I TABLE S-2 -Lucky Lass Surface and Subsurface Soil—Comparisons to Standards 

Surface and Subsuriace Soil 

Background 

5Xs above 

Background' 

UMTRA 

Soil 

Standards 

90% UCL 

Pils 

Concentratron 

Selected tor 

Detailed 

Discussion 

90% UCL 

Off-Pile 

Concentration 

Selected for 

Detailed 

Discussion 

Inorganics (mg/kg) jj 

Aluminum 

Antimony 

Arsenic 

Barium 

Ben/Ilium 

CKlmium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum" 

Nickel 

Selenium 

Silver 

Strontium.' 

Thallium 

Vanadium 

anc 

85185 

9.7 

3.9 

663 

2.4 

0.55 

25 

28 

53 

47200 

16.7 

3020 

0.06 

NA 

36 

1 

0.72 

NA 

0.36 

128 

107 

U 

425925 

48.5 

19.5 

3315 

12 

2.75 

125 

140 

265 

236000 

83.5 

15100 

0.3 

180 

5 

3.6 

1.8 

640 

535 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

. NV 

NV 

NV 

NV 

NV 

NV 

NV 

NV 

. 26745 

4.83 

5.75 

452 

2.04 

0.39 

11.8 

11.9 

24.5 

22765 

12.5 

1626 

0.03 

13.8 

1.28 

1.01 

0.38 

49.9 

49.7 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

31122 

3.96. 

3.8 

288 

1.51 

0.28 
i T 

10.8 

27 1 

24262 

13.4 

770 

0.03 

3.22 

16.7 

1.45 

1.58 

119 

0.35 

54.5 

• j i 

N 

N 

N ' 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N. 

N 

N 

N 

N 

N 

N 

N 

Radionucl ides (pCi/g) | 

Uranium 234 

Uranium 238 

Radium 226 

Racfeim 228 

Thorium 228 ' 

Thorium 230 

Thorium 232 

1.35 

1.19 

0.72 

0.79 

NA 

1.14 

1.08 

6.75 

5.95 

3.6 

3.95 

5.7 

5.4 

NV 

NV 

5.36' ' /15.3l ' 

NV 

NV 

NV 

NV 

3.67 

3.69 

2.49 

1.08 

3.68 

1.08 

N 

N 

N 

N 

N 

N 

N 

2.11 

2.19 

1.47 

0.77 

2.05 

0.74 

N 

N 

e 

N 

N 

N 

N 

a • When ihe background concentration was unaeiecied. 5 i imes lhe de iecnon limrt was used. 

D • -JMTP.A surlace soil sianoard ••? Ihe bscKgrouno value olus 5 pCi-'g. 

c • L/MT^A suosunace sou standard is the background vaiue DIUS '-5 oC-g -

d - ' r e comcounds selected ' c ceiailea discussion nad SCo l^CL i c rcen t ra l i ens greater than '.he sianaarc lOr greater than S l i r res ' jacKcicund i no s ianoafo ex is is i . 

•; - Aisc^tc and Radium-225 were setecied 'or deiai 'ed Ciscusson even :hcugn they do not meet the criteria ior select ion. Their selection ai Lucky Lass was based oniv on 

then s igr idcance at Whae ^-na 

.'IA - r-Jci ar^aryzed. 

>JV - .No vaiue. 

• z-a.S'. -3(3 .jid ro t nave cac<'; iounc samples cci!ec:eo. 

J = .-ce^ec'.sc 
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Table 5-3 Stockpile Soil Comparisons 

Inorganics - mg/kg 
Radranuclides - pCi/g 
ND- Non-detected 
NR- No result 



I 
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TASLE S-4 -Augur Creek, Seep, and Drainage Channel Surface Water 
Comparison to Standards 

Analytes Background 

5X 

Background" 

AWQC" 

Freshwater 

Chronic 

Oregon 

Standard 

90% 

UCL 

Selected for 

Detailed 

Discussion' 

Total Inorganics (po/L) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iran 

Lead 

Manganese 

Mercuty 

Nickel 

Selenium' 

Silver 

Thallium 

Vanadium 

Zinc 

1600 

50 

10.5 

44.4 

1 

2' 

5 

3 

7.6 

917 

2.1 

46.3 

0.1 

11.7 

1.8 

3 

1 

4.7 

10 

U 

U 

U 

U 

U 

U 

u 
u 

8000 

250 

52.5 

222 

5 

10 

25 

IS 

38 

4585 

10.5 

231.5 

0.5 

58.5 

9 

15 

5 

23.5 

50 

N/A 

1600 

190" 

N/A 

5.3' 

1.1' 

11 

N/A 

12" 

1000 

3.2-

N/A 

0.012 

160* 

35 

0.12 

40' 

N/A 

110-

-

•1600 

190" 

. 

5.3 

i.r 
11 

. 

12 

1000 

3.2 

0.012 

160 

35 

0.12 

40 
-

110 

654 

25.0 

11.1 

28.0 

0.5 

1.0 

2.5 

1.5 

1.7 

626 

3.3 

95 

0.06 

5.7 

1.0 

1.5 

0.55 

2.6 

• 6.7 . 

u 

U 

•u 

u 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

Y 

N 

f i 

N 

N 

N 

N 

Radionuclides (pCI/L) 

Uranium 234 

Uranium 238 

Radium 226 

Radium 228 

Thonum230 

Thorium 232 

0.5 

0.5 

0,5 

1 • 

0.98 

0.5 

u 
u 
u 
u 

u 

• Z5 

2.5 

2.5 

5 

4.9 

2.5 

N/A 

N/A 

N/A 

Ulfit 

. N/A 

N/A 

-
. 
-
. 
. 

-

2.67 

2.82 

0.28 

0.5 

0.36 

0.2 

u 

u 

Y 

Y 

N 

N 

N 

N 

a - If background concentrations were undetected, 5x the detection limit was used. 

b - EPA, 1986, Oregon Regulation 340.41; Ambient Water Quality Criteria. 

c - Analyte was selected for detailed discussion if the 90% UCL concentration was > the standard or 

> Sx background if no standard exists, 

d - Trivalent arsenic standard is used in lieu of total arsenic standard, 

e - insufficient data to develop criteria; value presented is the Lowest Observed Effects Level, 

f - Hardness dependent criteria (100 mg/L used). 

WA: Not available. 

U = Undetected 
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T A B L E 5-5 -White King and Lucky Lass Ponds Surface Water—Comparison to Standards 

Analytes 

AWQC" 

Freshwater 

Chronic 

White King Pond 

90% 

UCL 

Selected for 

Detailed 

Discussion" 

Lucky Lass Pond 

90% 

UCL 

Selected for 

Dialled 

Discussion* 

Total Inorganics ((jg/L) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

N/A 

1600 

190° 

N/A 

5.3° 

1.1' 

. 11 

' N/A 

12^ 

1000 

3.2' 

N/A 

0.012 

160' 

35 

0.12 

40' 

N/A 

110' 

4130 

25.0 

99.4 

33.7 

5.2 

2.0. 

4.9 

44.9 

12.2 

1677 

0.9 

1170 

0.1 

101 

6.0 

2.9 

1.9 

2.0 

159 

U 

U 

U 

U 

U 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

Y 

N 

N 

Y 

N 

N 

N 

N 

N 

Y 

4379 

25 

17.4 

27.8 

1.0 

2.0 

4.9 

29 

4.0 

2911 

1.8 

111 

0.1 

9.8 

2.5 

2.9 

1.0 

7.4 

8.1 

U 

U 

U 

U 

U 

U 

U 

U 

U 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Radionuclides (pCI/L) 1 

Uranium 234 

Uranium 238 

Radium 22b 

Radium 228 

Thorium 230 

Thorium 232 

N/A 

N/A 

N/A 

N/A 

t^A 
N/A 

8.35 

8.17 

0.81 

0.98 

0.26 

0.19 

U 

U 

N 

N 

N 

N 

N 

N 

0.43 

0.79 

0.62 

0.98 

0.39 

0.3 

U 

u 

N 

N 

N 

N 

N 

N 

• EPA, 1986, Oregon Regulation 340.41; Ambient Water Quality Criteria 

N/A: Not available. 

a: Trivalent arsenic standard is used in lieu of total arsenic standard. 

b: Insufficient data lo develop criteria; value presented is the Lowest Observed Effects Level. 

c: Hardness dependent criteria (100 mg/l used). 

d: Anatyte was selected for detailed discussion if the 90% UCL concentration was greater than the standard. No 

background concentrations exist for pond surface water. 

Note: For analytes that were all undetected, the "90% UCL" is the 90% UCL ofthe reported detection limits. 

U = Undetected 
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TABLE 5-6 -Augur Creek and Drainage Channel Sedlment=-Compaiiison to Standards 

Analytes 

Inorganics (mg/kg) 

Alu.minu.m 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

Radionuclides (pCi/g 

Uranium 234 

Uranium 238 

Radium 226 

Radium 228 

Thorium 230 

Thorium 232 

Background 

5X 

Background* 

51100 

7.5 

4.2 

316 

1.7 

0.5 

35.8 

25.9 

48.9 

50500 

11.2 

1610 

0.09 

44.8 

1.3 

0.9 

0.33 

139 

83.1 

U 

U 

255500 

37.5 

21 

1580 

8.5 

2.7 

179 

129.5 

244.5 

252500 

56 

8050 

0.4S 

224 

6.5 

4.6 

1.65 

695 

415.5 

Ontario SedimerU 

Quality Standards 

Lowest Effect Level 

NV 

NV 

6 

NV 

NV 

0.6 

26 

NV 

16 

20000 

31 

460 

0.2 

16 

NV 

NV 

NV 

NV 

120 

90% 

• UCL 

Seteded for 

Dialled 

Discussion* 

38826.3 

7.7 

65.2 

275.7 

2.4 

0.7 

33.0 

29.5 

39.5 

41343.8 

9.4 

2461.7 

0.1 

39.9 

0.5 

0.7 

. 0.5 

112.3 

111.9 

N 

N 

rv 
. N 

N 

rr . 
/^. 

N 

-•^' 
Y 

N 

.'V^ 

N 

Y 

N 

N 

N 

N 

N 

) • • • 1 

0.94 

0.53 

0.44 

0.42 

0.58 

0.5 U 

4.7 

2.7 

2.2 

2.1 

2.9 

2.5 

NV 

NV 

NV 

NV 

NV 

NV 

10.8 

11.6 

0.8 

0.4 

1.8 

0.3 

'̂Y. 

. -•Y. 

N 
N 

N 

N 

Background concentrations determined from samples collected upgradient from the Mines site in Augur Creek. 

a - If background concentrations were undetected, 5x the dkection limit was used. 

b - Anatyte was selected for detailed discussion if the 90% UCL concentration was > the lowest effect 

tevel standard or > 5x background if no lowest effect level standard exists. 

NV - No value. 

U = Undetected 
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TABLE 5»7 -White King and Lucky Lass Ponds Sediment - Comparison lo Standards 

Analytes 

Ontario Sediment 

Quality Standards 

Lowest Effect Level 

White King Pond 

90% 

UCL 

Selected for 

Detailed 

Discussion" 

Lucky Lass Pond 

90% 

UCL 

Selected for 

Detailed 

Discussion" 

Inorganics (mg/kg) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

Mercuty 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

NV 

NV 

6 

NV . 

NV 

0.6 

,26 

NV 

16 

20000 

31 

460 

0.2 

16 

NV 

NV 

NV 

NV 

120 

3640S 

219 

24582 

149 

6.8 

0.3 

15.8 

12.4 

31.8 

58956 

• 43,5 

304 

9.6 

19.1 

0.5 

0.8 

6.0 

60.0 

82 

U 

N 

N 

Y 

N 

N 

N 

N 

N 

Y 

Y 

Y 

N 

Y 

Y 

N 

N 

N 

N 

N 

44883 

N/A 

6.5 

240 

1.5 

0.3 

14.9 

12.3 

31.6 

32289 

9.5 

739 

0.1 

17.9 

0.7 

0.7 

0.9 

67.5 

77.6 

U 

U 

U 

N 

N 

Y 

N 

N 

N 

N 

N 

Y 

Y 

N 

Y 

N 

Y 

N 

N 

N 

N 

N 

Radionuclides (pCi/g) 

Uranium 234 

Uranium 238 

Radium 226 

Radium 228 

Thorium 230 

Thorium 232 

NV 

NV 

NV 

NV 

NV 

NV 

53.8 . 

53.3 

53.3 

1.04 

21.8 

1.19 

N 

N 

Y" 

N 

N 

N 

20.42 

18.92 

17.78 

1.04 

16.79 

1.51 

N 

N 
y t 

N 

N 

N 

a - There are r»o background values for pond sediment. Analyte was selected for detailed discussion if the 90% UCL 

concentration vras greater than the towe^ effect standard, 

b - Ra226 was selected for detailed discussion because it exceeds the UMTRA soil standards of 5.36 and 15.31 pCi/g 

for surface and sutJsurface soil, respectively. 

NV - No value. 

N/A - All Lucky Lass pond antimony values were rejected during data validation. 

Note: For analytes that were all undetected, the '90% UCL Detection" is the 90% UCL df the reported detection limits. 

U = Undetected 
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TABLE 5-8 -Stockpile and Off-Pile Groundwater—Comparison to Standards 

All Analytes 

Total Inorganics (ug/L) 

Aluminum 
Antimony 
Arsenic 

Barium 
Beryllium 

Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Sulfate (mg/L) 

Background 

3,280 
50 

3.2 
39.8 

1 

2 
5 
3 

2 
1,100 
3.6 
77.6 
0.1 
10 
5 
3 
1 

4.6 
6 

NA 

U 

U 

U 
U 
U 

U 
U 
U 
U 

u 

... ._... 

5X 
Background" 

16400 
250 
16 

199 

5 

10 
25 . 
15 
10 

5500 
18 

388 
0.5 
50 
25 
15 
5 
23 
30 
NA 

Groundwater 
IVICL 

None 
6 
50 

1000 
4 

10 
50 

None 
1300 
None 

50 
None 

2 
100 
10 
50 
2 

None , 
None 
500" 

90% UCL 
Stockpile Concentralion 

(Mg/L)" 

Selected 
for Detailed 
Discussion' 

47,681 
68 

11,817 
201 

150 

13.8 
26 
222 
46 

41,350 
10 

36,993 
1.0 
247 
4 
14 
3.8 
25 

1,609 
1.757 

U 
Y 
N 
Y 
N 
Y 
Y 
N 
Y 
N 
Y 
N 
Y 
N 
Y 
N 
N 
Y 
Y 
Y 
Y 

90% UCL 
Off-Pile Concentralion 

(MQ/L) 

28.173 
31 
22 
226 

4 
1.6 
25 

. 30 

• 31 
31,336 

6 
1,022 
1.5 
110 
3 
2 

1.7 
63 
145 
55 

Selected 
(or Detailed 
Discussion' 

• • ' 1 ! 

Y 
Y 
N 
N 
N 
N 
N 
Y 
N 
Y 
N 
Y 
N 
Y 

-N 
N 
'̂N 

• Y 

Y 
N 

Radionuclides (pCi/L) II 
Uranium 234 

Uranium 236 
Radium 226 
Radium 228 
Thorium 230 
Thorium 232 
Radon 

0.5 

0.5 
• 0.5 

1 
0.5 
0.5 
550 

u 
u 
u 
u 
u 
u 

2.5 
2.5 
2.5 
5 

2.5 
2.5 

2750 

30' 
30' 
5' 
5' 

None 
Nona 
300" 

5,110 
5,514 
1.14 
0.87 
35 

0.69 
8,355 

Y 
Y 
N 
N 
N' 
N 
Y 

1 
1 

0.74 
1,26 
0,42 
0,39 
508 

N 
N 
N 
N 
N 
N 
N 

ee 

° - Wlion Iha bacligcound concenUalion was undelecled, 5 llmss Ihe deleclion Umil was used. 

" • Sloclipllo walls Indudo: RFW-WK-lViW-07-As/Ad - 10-A8//W 

' - Tho analylos selected for dolailed discussion had S0% UCL concentrations greatet Ihan Ihe siandard (or greater than 5 limes 

background I) no standard exists). 

" • Proposed MCL 

* • 30 pCi/L is combined U 234 and U 238 UMTRA siandard. S pCi/L is combined Ra 226 and Ra 228 UMTRA siandard. 

' • Thorium-230 will nol be discussed in detail because Ihere Is no UMTRA groundwater proieciion siandard (or lhofium-230 snd Ihorium's solubility is grealai Ihan radium 

but less Ihan uranium. Theiefors, Ihe uranium and Tiidlum discussions address Uiorlum also. 

U I' Undoleclod 
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TABLE 5-8 -StockpiSeand Off-Piie Groundwater—Comniparison to Standards 

Alt Analytes 

Tola! Inorganics (ug/L| 
Aluminum 
Antimony 
Arsenic 

Barium 
Beryllium 

Cadmium 
Chromium 
Cobalt 
Copper 

Iron 
Lead 

Manganese 
Mercury 
Nicltel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Sulfate (mg/L) 

Background 
5X 

Background" 
Groundwater 

MCL 

3,280 
50 

3.2 
39.8 

1 

2 
5 
3 
2 

1,100 
3.6 
77.6 
0.1 
10 
5 
3 
1 

4.6 
6 

NA 

U 

U 

U 
U 
U 

U 
U 
U 
U 
U 

16400 
250 
16 

199 

5 
10 
25 
15 
10 

5500 
18 

388 
0.5 
50 
25 
15 
5 
23 
30 
NA 

None 
6 
50 

1000 
4 

10 
50 

None 
1300 
None 

50 
None 

2 
100 
10 
50 
2 

None 
None 

500" 

90% UCL 
Stockpile Concentration 

(MQ/L)" 

Selected 
for Detailed 
Discussion' 

47,681 
68 

11,817 
201 
150 

13.8 

26 
222 
46 

41,350 

10 
36.993 

1.0 
247 

4 
14 
3.8 
25 

1.609 

1,757 

U 
Y 
N 
Y 
N 
Y 

Y 
N 
Y 
N 
Y 
N 
Y 
N 
Y 
N 
N 
Y 
Y 
Y 
Y 

90% UCL 
Off-Pile Concentration 

(iig/L) 

28,173 
31 
22 
226 

4 
1.6 
25 

. 30 
31 

31,336 
6 

1,022 
1.5 
110 
3 
2 

1.7 
63 
145 
55 

Selected 
(or Detailed 
Discussion' 

II 
Y 
Y 
N 
N 

N 

N 
N 
Y 

N 
Y 
N 
Y 
N 
Y 
N 
N 

-N 
,.Y 

Y 
N 

Radionuclides (pCi/L) 
Uranium 234 
Uranium 238 
Radium 226 
Radium 228 

Thorium 230 
Thorium 232 
Radon 

0.5 

0.5 
• 0.5 

1 

0.5 
0.5 
550 

U 
U 

u 
u 
u 
u 

2.5 
2.5 
2.5 
5 

2.5 
2.5 

2750 

SO-
SO" 

1 ' 5" 
5" 

None 
None 
300" 

5,110 
5.514 
1.14 
0.87 

35 
0.69 
8.355 

Y 
Y 
N 
N 

N' 
N 
Y 

1 
1 

0.74 
1.26 
0.42 
0.39 
506 

N 
N 
N 
N 

N 
N 
N 

OC 
I 

° - When the background concontialion was undeteded, 5 limes Ihe deleclion Iimil was used. 

"-Sloclipllo wolls Include: RFW-WK-MW-07-As/Ad - 10-As/Ad 

' - The analyles selected (or dolailed discussion had S0% UCL concentrations greater Ihan Ihe siandard (or greater Ihan 5 limes 

background II no siandard exists). 

" - Proposed MCI, 

° - 30 pCi/L is combined U 234 and U 238 UMTRA standard. S pCI/L Is combined Ra 226 and Ra 228 UMTRA siandard. 

' - Thorium-230 will not be discussed in detail because Ihere Is no UMTRA groundwater protection standard (or lhorium-230 and thorium's solubility is greater than radium 

bul loss Ihan uranium. Therolora, Ihe uranium and radium discussions address thorium also. 

U ° Undoleclod 

^^j^3aa.)g^^J dl ^-22. B/21/92 
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Table .7-1 

Summary ef Chemicais of Concerra arid 
Medlynrv-Speeific Exposure Point Concentratioris 
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Table 7-17 

Risk Characterization Summary - Carcanogens 

Scenario Timeframe: Future 
Recepior Popuiat lon: Resident 
Receptor Age: C^hild 

B-23 
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I Smmmary c 

B^sdium-Speeffle Exp 

7-3 

; of Concern and 
I Polrat Comceratratiors: 

. Scenario Tlmefrstsie: Future Recreational Vs& 
Surface/3ut)suria% scH 
Surface/sutisurface soS 

' Exposure point concenliatioiis were calculated incoipcsating b<»h sudace soil and subsurface soil up to depth of 6 feet 

Table 7-4 

Summary of Chemicals of Concern and 
Medium-Specific Exposure Point Concentrations 

ScenartoTlmefrane: Current Recreational User 
Hedlum: Surface/substgface st^ 
Exposure Uedlum: ' Surface/sutsurface e<d 

Exposure 
Point 

White 
King Mine 
SoU 

Chemical of 
Concem 

-

Arsenic 

Railium-226 

Concentration 
Detected 

HIn 

m 

ii 

Max 

4,140 

291 

Units 

ppm 

pCi/g 

Frequency oJ 
Detection 

36/38 

46/46 

Exposure Point 
Concentration^ 

915.2 

18.9 

Exposure Point 
ConcentraUon 

Units 

Pl»u 

pCi/g 

Statistical 
Measure 

Log 95% 
UCL 
. 

Log 95% 
UCL 

pCi/g: Picocuiie per gram 
ppnu Parts per millioD 
95% UCL: 95% Upper Confidence Limit 

' Exposure poinl concentrations calculated using surface soil data, except for radionuclides, where a combination of surface and subsurface 
data were used. 
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I 
I TABLE 7-8 -Exposure Parameter VeSises—-Reasonabie Maximum Exposure 

White King/Lucky Lass Raines Site 
Lakevie>A', Oregon 

{Continued) 

Parameter 

Adult 
Recreational 

User 
(Currenty'Future) 

Child 
Recreational 

User 
(Current/Future) 

Receptor 

Woilcer 
(Current/Future) 

Resident Adult 
(Future) 

Resident Child 
(Future) 

Inhalation of Particulates 

IH (m^/dav) 
ED (yrs) 
EF (days/yr) 

BW (kg) 

AT (days) 

20 
24 

26 

70 

70x365 
(cai-e.) 

EDx365 
(noncarc.) 

20 

6 

26 

15 

70x365 
(care.) 

EDx365 
(noncarc.) 

20 

25 

23 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

20 

24 

183 

70 

70x365 . 
(care.) 

EDx365 
(noncarc.) 

20 

6 

183 

15 

70x365 
(care.) 

EDx365 
(noncarc.) 

Ingestion of Augur Creek Surface Water 

IRw(Lyday) 

EF (days/yr) 

ED (yrs) 

BW (kg) 
AT (days) 

0.5 

13 
24 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

0.5 
13 

6 

15 

70x365 
(care.) 

EDx365 
(noncarc.) 

0.5 

4 

25 

70 
70x365 
(care.) 

EDx365 
(noncarc.) 

0.5 

13 
24 

70 

70x365 
. (care.) 
EDx365 

(noncarc.) 

0.5 

13 

6 

15 

70x365 
(care.) 

EDx365 
(noncarc.) 

Incidental Ingestion of Mine Pit Water 

IRw (Uday) 

EF (days/yr) 

ED (yrs) 

BW (kg) 
AT (days) 

0.1 

12 
24 

70 
70x365 
(care.) 

EDx365 
(nonearc.j 

0.1 

12 

6 

15 

70x365 
(care.) 

EDx365 
(noncarc.) 

NA 

NA 

NA 

NA 

NA 

0.1 

24 

24 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

0.1 
24 

6 

15 

70x365 
(care.) 

EDx365 
(noncarc.) 

Ingestion of Groundwater 

IRw (LVday) 
EF (days/yr) 

ED (yrs) 

BW (kg) 

AT (days) 

NA 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

-. 2 
350 

24 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

1 

350 

6 

15 

70x365 
(care.) 

EDx365 
(noncarc.) 

97-693..sis J-13 8/20/97 



I 
I TABLE 7-S (cosii) -Exposure Parameter Values—Reasonable i\ 

White King/Lucky Lass fWines Site 
Lakeview, Oregon 

aximum Exposure 

Para.meter 

Receptor 

Adult 
Recreational 

User 
(Current/Future) 

Child 
Recreational 

User 
(Current/Future) 

Incidental Ingestion of Stockpile Materials and Soil 

IRs (mg/day) 

ED (yrs) 
EF (days/yr) 

BW (kg) 

AT (days) 

50 

24 

26 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

200 

6 

26 

15 

70x365 
(care.) 

EDx365 
(noncarc.) 

Worker 
(Current/Future) 

50 

25 

23 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

Resident Adult 
(Future) 

100 

24 

183 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

Resident Child 
(Future) 

200 

6 

183 

15 

70x365 
(care.) 

EDx365 
(noncarc.) 

Incidental Ingestion of Augur Creek Sediment 

IRs (nig/day) 

ED (yrs) 
EF (days/yr) 

BW(kg) 

AT (days) 

50 

24 

13 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

200 

6 

13 

15 
70x365 
(care.) 

EDx365 
(noncarc.) 

50 

25 
4 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

100 
24 

13 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

200 

6 
13 

15 
70x365 
(care.) 

EDx365 
(noncarc.) 

incidental Ingestion of Mine Pit Sediment 
IRs (mg/day) 

ED (yrs) 

EF (days/yr) 

BW (kg) 

AT (days) 

50 

24 

12 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

200 

6 

12 

15 
70x365 
(care.) 

EDx365 
(noncarc.) 

NA 

NA 
NA 

NA 

NA 

100 

24 

• 24 

70 

70x365 
(care.) 

EDx365 
(noncarc.) 

200 

6 

24 

15 

70x365 
(care.) 

EDx365 
(noncarc.) 

Inhalation of Radon Gas in Indoor Air 

IH (m^/dav) 
ED (yrs) 
EF (days/yr) 
ET (hrs/day) 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

• NA 

20 
30 
365 
16 

NA 
NA 
NA 
NA . 

97.693.xls B-14 8/20/97 
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I 
I TABLE 7^8 (coirat) -Exposure Parameter Values—Reasonable fifiaxisTium Exposure 

Wihite King/Lucky Lass Mines Site 
Lakeview, Oregon 

(Continued) 

Parameter 

Receptor 

Aduit 
Recreational 

User 
(Current/Future) 

Child 
Recreational 

User 
(Current/Future) 

Worker 
(Current/Future) 

Resident Adult 
(Future) 

Resident Child 
(Future) 

Inhalation of Vapors from Groundwater 

tf (pCi/m^ per 
pCi/L) 

NA NA . NA 0.5 0.5 

Extemal Exposure to Radionuclides in Soil 

ET (hr/day) 

EF (days/yr) 

ED (yrs) 

3 

26 

24 

3 

26 

6 

8 

23 

9 

24 

350 

24 

24 

350 

6 

NA • Not applicable 
Care. - Carcinogens 
Noncarc. - Noncarcinogens 

97.693.xls 5-15 8/20/97 
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raMe7-11 

Bisk Charaeters^ation Summaiy - Carcinogens 

Scenario Timeframe: Current 
Receptor Population: Worker 
ReeepSor Age: Adull 

Medium 
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TabSe 7-13 

Risk Characterisation Syminary • Carcinogens 

Scenario Tlmefraine: Future 
Receptor Population: Recrestional User 
Receptor Age: Child 
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Risk Characterisation Summary - Carcinogens 

Scenario Tlmetrame: Future 
Receptor Population: Resident 
Receptor Age: Adult 
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I Table 7-23 

Risk Charaeterosation Summary - ^©rj-Careinogens 

Scenario Timeframe: Future 
Receptor PoputsUon: Resident 
Receptor Age: Child 

Medium 

Surlace Soi1 | Atssiic 

CItemlcal o< 
Concem 

Tap Water I Arsenic 

N/A: Route of exposure is not applicable to this medium. 
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e 7 - 2 9 -Summary of Ecological Hazard Quotients and Associated Receptor Effects 
White King/Lucky Lass Mining Site, Lakeview, Oregon 

(continued) 

Recspfof/Analyte 
White King 

SS 1 SBS SD 1 SW 
Lucky Lass 

SS SBS SO SW 
Augur Creek' 
SD SW 

Receptor 
Effects 

Aquatic Invertebrates 
Arsenic 
Cadmium 
Coppor 
Iron 
Manganese 
Mercury 
Nickel 
Silver 
Zinc 
Cumulative Hazard 

32.7 

1.6 

4.9 
1.1 

40 

1.1 

2 
1,6 
1.6 

1.1 
1.4 

9 

26.5 
3 

13.2 

2.2 
4S 

Decreased tolerance by benthic organisms 
Decreased tolerance by benthic organisms 
Decreased tolerance by benthic organisms 
Decreased tolerance by benthic organisms 
Decreased tolerance by benthic organisms 
Decreased tolerance by benthic organisms 
Decreased tolerance by benthic organisms 
Decreased tolerance by benthic organisms 
Decreased tolerance by benthic organisms 

Aquatic Biota 

Arsenic 

Iron 

Lead 

Mercury 
Cumulative Hazard 

, 
2.7 

1.4 

4.1 

3 

1.8 

4.8 

6.9 

21.7 
26.6 

Increased long-term sublethaliiy in aquatic 
organisms 
Increased long-term sublethaliiy in aquatic 
organisms 
Increased long-term sublethaliiy in aquatic 
organisms 
Increased long-term sublethaliiy in aquatic 
organisms 

Note; Unbolded numbers represent the hazard quotient value (or the presented receptor, analyte, location, and medium. Bolded numbers represent the cumulative hazard quotient or hazard index lor the 
presented receptor, location, and medium. A blank ceil indicates that either the hazard quotient was less than 1.0 or no hazard quotients were calculated for that receptor and medium. Receptor 
effects were taken trom the effect summary tables presented for each receptor (D.3-8, D.3-9, D.3-10, D.3-11, D.3-12/13). Effects (or the community groups (I.e., plants, invertebrates, biota) had to 
be expressed as group effects rather (han as individual! e((ects as presented (or the grouse, crane, and shrew, 
s s • Surface soil 
SO - Sediment 
SBS • Subsurface soil 
SW - Surface water 

97-693.X1B 3-7 5-74 8/20/97 



Tab!® 7-29 "̂ -Summary of Ecological Hazard Quotients and Associated Receptor Effects 
White King/Lucky Lass Mining Site, Lakeview, Oregon 

/^ecsiOfor/Analyte 
White King 

SS SBS 1 SD SW 
Lucky Lass 

SS 1 SBS SD 1 SW 
Augur Creek 
SD SW 

Receptor 
Effects 

Blue Grouse 
Arsenic 
Lead 
iVlsvcury 

Selenium 
Cumulative Hazard 

8,9 
1,7 
1,8 

26,5 
38.9 

29.7 
6.4 

22,3 

58.4 

Behavioral abnormalities 
Reproductive and histopathologicai effects 
Increased mortality 
Reproductive effects 

. 

Greater Sandhill Crane 

Aluminum 

lion 
Magnesium 
Vanadium 
Cumulative Hazard 

51,8 

11,8 
1,4 
2,4 

67.4 

56,3 

12,3 
5,5 
1,9 
76 

Increased body weight/decreased 
growth/abnormal egg production 

Increased mortality and decreased bone ash 
Decrease in body weight and bone ash 
Reproductive effects 

Vagrant Shrew 
Antimony 
Arsenic 

Calcium 
Lead 
Selenium 
Thallium 
CumulativQ Hazard 

87,5 
310 

25,000 
49,4 

. 1 .1 
25,448. 

48,4 
1,030 

93.500 

3,6 
94,582 

1,1 

3,5 

4.6 

Increased mortality 
Increased mortality/decreased body weight 
Changes in serum electrolytes and blood 
pressure • 
Genotoxicity or embryotoxicity 
Abnormal fetal growth 
Increased mortality 

Terrestrial Plants 
Antimony 
Arsenic 
Beryllium 
Lead 
Mercury 
Selenium 
Silver 
Thallium 
Cumulative Hazard 

9 
414 

2,8 
17,7 
68,1 

2,3 
514 

49,8 
1,380 
1,1 

10,3 
214 

2.1 
8 

1.665 

1,5 

3,4 

S 

1 

Reduced or abnormal plant growth 
Reduced or abnormal plant growth 
Reduced or abnormal plant growth 
Reduced or abnormal plant growth 
Reduced or abnormal plant growth 
Reduced or abnormal plant growth 
Reduced or abnormal plant growth 
Reduced or abnormal plant growth 

97-<S93,nk S-7 : S-73 8^0/97 



TABLE 84 

WATER QUAUTY CRITERIA SUMMARY 
(AppUcable to all Basins)' 

Tlie concentration for each compound lisleci in this chart is a criteria or guidance value* not to be exceeded in waters of the state for the protection of aquatic life and human 
health. Specific descriptions of each compound and an explanation of values are included iiv Quality Criteria for Water (1986), Selecting values for regulatory purposes will 
depend on the most sensitive beneficial use to be protected, and what level of protection is necessary for aquatic life and human health. 

Compoiund Name (or Class) 

ACENAPTHENE 

ACROLEIN 

ACRYLONITRILE 

ALDRIN 

ALICAUNITY 

AMMONIA 

ANTIMONY 

ARSENIC 

ARSENIC (PENT) 

ARSENIC (TRI) 

ASBESTOS 

BARIUM 

BENZENE 

BENZIDINE 

BERYLLIUM 

BHC 

CADMIUM 

CARBON TETRACHLORIDE 

CHLORDANE 

CHLORIDE 

CHLORINATED BENZENES 

CHLORINATED NAPHTHALENES 

CHLORINE 

CHLOROALKYL ETHERS 

CHLOROETHYL ETHER (BIS-2) 

CHLOROFORM 

CHLOROISOPROPYL ETHER (BlS-2) | 

Priority 
PoUutant 

Y 

Y 

Y 

Y 

N 

N 

Y 

Y 

Y 
Y 

Y 

N 
Y 

Y 

Y 

Y 

Y 
Y 

Y 
N 

Y 
Y 
N • 

Y 

Y 
Y 
Y 

Carcinogen 

N 

N 

Y 

Y 
N 

N 

N 

Concentration in Micrograms Per Liter 
for Protection of Aquatic Life 

Fresh 
Acute 

Criteria 
•I,7(X), 

•68, 

»7.550, 

3.0 

Fresh 
Chronic 
Criteria 

•520, 

• 2 1 . 

•2.600. 

20,000 

Marine 
Acute 

Criteria 
•970. 

•55, 

1.3 

Marine 
Chronic 
Criteria 

•710. 

Concentration in Units Per Liter 
for Protection of Human Health 

Water 
and Fish 
Ingestibn 

320.ug 

0,058ug** 

0,074ng** 

CRTTERIA ARE pH AND TEMPERATURE DEPENDENT — 

CRI IIJKIA ARE pH AND TEMPERATURE DEPENDE^fr-

•9.000, 

Y 

Y 
Y 

Y 
N 

Y 
Y 

Y 

N 

N 
Y 

Y 
N 
Y 
N 
N 

N 
Y 

Y 
N 

•850, 

360, 

•3.300, 

•2,500, 

•130, 

•IOO, 

3,9+ 

•35,200, 

2,4 

860 mg/L 

•250 

•1,600, 

19. 

•238,000, 

•28,900. 

•1,600. 

•48, 

190, 

•5.3 

1,1+ 

0,0043 

230 mg/L 

•50. . 

11. 

•1,240. 

•2.319, 

69, 

•5,100. 

•0,34 

43, 
•50,000, 

0,09 

•160. 

•7,5 

13, 
' 

Fish 
Consumption 

Only 

780.ug 

0.65ug** 

0.079ng** 

Drinking 
Water 
M.C.L. 

SEE DOCUMENT USEPA JANUAR Y 1985 (Fnah Water) 

SEE DOCUMENT USEPA APRJL 1989 (Marine Water) 

146,ug 

2,2ng** 

•13 . 

36, 

•700, 

• 

9.3 

0.004 

•129. 

7.5 

30K Ut** 

l.mg 

0,66ug** 

0,12ng 

6,8ng** 

I0,ug 

0,4ug** 

0.46ng'* 

488.ug 

0,03ug 

0,19ug'* 

34,7ug 

45.000,ug 

17.5ng" 

40.ug" 
0.53ng" • 
in .ng* ' 

6.94ug** 

0.48ng** 

l.36ug'* . 
I5.7ug** 
4.36nig 

0.05mg 

1 .Omg 

O.OlOmg 

I 

1^ 
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WATER QUAUTY CRITERIA SUMMARY (Continued) 

Compound Name (or Class) 

CHLOROMETHYL ETHER (BIS) 
CHLOROPHENOL 2 

CHLOROPHENOL 4 

CHLOROPHENOXY HERBICIDES (2,4,5,-TP) 

CHLOROPHENOXY HERBICIDES (2,4-D) 
CHLORPYRIFOS 

CHLORO-4 METHYL-3 PHENOL 
CHROMIUM (HEX) 
CHROMIUM (TRI) 

COPPER 
CYANIDE 

DDT 
DDT METABOLITE (DDE) 
DDT METABOLITE (TDE) 
DEMETON 

DIBUTYLPHTHALATE 

DICHLOROBENZENES 
DICHLOROBENZIDINE 

DICHLOROETHANE 1,2 

DICHLOROETHYLENES 

DICHLOROPHENOL 2.4 

DICHLOROPROPANE 

DICHLOROPROPENE 

DIELDRIN 

DIETHYLPHTHALATE 
DIMETHYL PHENOL 2.4 

DIMETHYL PHTHALATE 

DINITROTOLUENE 2.4 
DINITROTOLUENE 
DINITROTOLUENE 
DINITRO-O-CRESOL 2,4 

DIOXIN (2.3.7.8-TCDD) 
DIPHENYLHYDRAZINE j 

Priority 
Pollutant 

Y 

N 
N 

N 

N 
N 

Y 
N 
Y 
Y 

Y 
Y 
Y 
Y 

Y 

Y 
Y 

Y 
Y 

N 

Y 

Y 

Y 
Y 
Y 

Y 
N 
Y 
N 
Y 
Y 
Y 

Carcinogen 

_ 
N 
N 

N 
N 

N 

N 

N 
N 
N 
N 

Y 
Y 
Y 

Concentration in Micrograms Per Liter j 
for Protection of Aquatic Life 

Fresh 
Acute 

Criteria 

•4.380. 

0,083 
•30, 

16, 

1,700,+ 
18,+ 
22. 

1,1 
•1,050, 
•0,06 

• N 

N 
N 

,Y 

Y 
Y 

N 

N 

N 

> Y 

N 
N 

N 
Y 
N 
Y 
N 

Y 
N 

•1,120, 

•118,000, 
•11,600. 

•2,020. 

•23.000. 

•6.060, 

2.5 

•2.120, 

•330, 

•0.01 

Fresh 
Chronic 
Criteria 

•2.000. 

0,041 

11, 
210,+ 
I2,+ 
5.2 

0,001 

0.1 

•763, 

•20.000, 

•365, 

•5.700. 
•244. 

0,0019 

•230. 

•38 pg/L 

Marine 
Acute 

Criteria 

•29.700, 

0,011 

1.100 
•10,300 

2,9 

I, 
0.13 
•14. 
•3,6 

•1,970, 

•113,000. 
•224,000, 

•10.300, 

•790. 
0.71 

•590. 

Marine 
Chronic 
Criteria 

1 Concentration in Units Per Liter 
j for Protection of Human Health 

Water 
and Fish 
Ingestion 

0,00000376ng** 

0,0056 

50, 

2.9 

1, 

0.001 

0,1 

IO,ug. 

lOO.ug 

50,ug 
I70,mg 

200,ug 

0,024ng** 

35,mg 

400.ug 
O.Olug** 

0.94ug** 
0.033ug** 

3,09mg 

•3.040, 
87,ug 

,0019 0,07 Ing*^ 
350,mg 

•370, 

313,mg 

0,llug** 
70,ug 

I3,4g 

0.000013ng*' 
42.ng** 

Fish 
Consumption 

Only 
O.OOI84ug'* 

3,433.mg 

0.024ng** 

154.mg 

2.6mg 
0.020ug«* 

243.ug*' 
1.85ug** 

I4.1mg 

0.076ng*' 

1.8g 

2.9g 
9.1ug** 
I4.3mg 

765.ug 
O.OOOOMng** 

o.seug** 

Drinking 
Water 
M.C.L. 

O.OSmg 
O.OSmg 

trt 
tn 

I 
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WATER QUAUTY CRITERIA SUMMARY (Continued) 

Comjjound Name (or Class) 

DIPHENYLHYDR/mNE 1,2 

DI-2.^ETHYLHEXYL PHTHALATE 

ENDOSULFAN 
ENDRIN 

ETHYLBENZENE 

FLUORANTHENE 
GUTHION 

HALOETHERS 

H/VLOMETHANES 

HEPTACHLOR 

HEXACHLOROETHANE 

HEJCACHLOROBENZENE 

HE}CACHLOROBUTADIENE 
HEXACHLOROCYCLOHEXANE (LINDANE) 
HEXACHLOROCYCLOHEXANE-ALPHA 

HEXACHLOROCYCLOHEXANE-BETA 
HEXACHLOROCYCLOHEXANE-GAMA 
HEJCACHLOROCYCLOHEXANE-TECHNICAL 

HEXACHLOROCYCLOPENTADIENE 
IRON 

ISOPHORONE 
LEAD 

MALATHION 

MANGANESE 
MERCURY 

METHOXYCHLOR 
MIREX 

MONOCHLOROBENZENE 
NAPHTHALENE 
NICICEL 
NITRATES 

NITROBENZENE 
NITROPHENOLS | 

Priority 
Pollutant 

Y 

Y 

Y 
Y 
Y 

Y 

N 

Y 

Y 

Y 

N 

Y 
Y 

Y 
Y 
Y 
Y 
Y 

Y 
N 

Y 

Y 

N 

N 
Y 

N 

N 
Y. 
Y 

Y 
N 
Y 
Y 

Carcinogen 

N 

Concentration in Micrograms Per Liter 
for Protection of Aquatic Life 

Fresh 
Acute 

1 Criteria 
1 -t2JQ : 

N [ 
N 
N 
N 

N 

N 

N 
Y 

Y 

Y 

N 
Y 

Y 

0.22 

0.18 
•32.000. 

•3.980, 

•360, 

•11.000, 

0.52 

•980, 

,•90, 
2.0 

Y 
Y 
Y 
Y 

N 

N 

N 
N 

N 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 

•7. 

•117.000, 
82.+ 

2,4 

•2.300, 

1.400,+ 

•27.000, 
•230. 

Fresh 
Chronic 
Criteria 

0,056 
0,0023 

0,01 

•122. 

0,0038 

•540. 

•9.3 
0,08 

•5,2 

1.000. 

3,2+ 

0,1 

0.012 
0.03 

0,001 

•620, 

160+ 

•150, 

Mailne 
Acute 

' Criteria 

0.034 

0.037 
•430, . 

•40, 

•12,000, 

0,053 

•940. 

•32, 

0,16 

•7, 

•12,900, 
140, 

• 

2,1 

•2,350, 

75 

•6.680, 
•4,850, 

Marine 
Chronic 
Criteria 

0,0087 

0,0023 

•16. 

0,01 

•6,400, 

0,0036 

5.6 

0,1 

0,025 
0,03 

0,001 

8,3 

Concentration in Units Per Liter 
for Protection of Human Health 

Water 
and Fish 
Ingestion 

15,mg 

74,ug 

lug • 
1.4mg 

42.ug 

0,l9ug" 

0,28ng** 
I.9ug 

0,72ng»* 

0.45ug** 

9,2ng** 

16.3ng** 
I8,6ng'* 
12,3ng»* 
206.ug 

0.3mg 

5,2mg 
50,ug 

50,ug 
144.ng 
I00,ug 

488,ug 

13,4ug 
IO,mg 
19,8mg 

Fish 
Consumption 

Only 

50,mg 
I59.ug 

3,28mg 

54.ug 

I5.7ug** 

0.29ng*' 

8.74ug 

0.74ng*' 
SO.ug" 

31.ng*' 
54.7ng** 
62.5ng»* 
4l.4ng** 

520.mg 

lOO.ug 

I46.ng 

lOO.ug 

Drinking 
Water 
M.C.L. 

0.0002mg 

0.004ing . 

O.OSmg 

0,002mg 
0,1 mg 

lO.mg 
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WATER QUAUTY CRITERIA SUMMARY (Continued) 

Compound Name (or Class) 

NITROSAMINES 

NITROSODIBUTYI.AMINE N 

NITROSODIETHYLAMINE N 
NITROSODIMETHYLAMINE N 

NITROSODIPHEN^rLAMINE N 

NITROSOPYRROLIDINE N 

PARATHION 

PCBs 

PENTACHLORINATED ETHANES 

PENTACHLOROBENZENE 
PENTACHLOROPHENOL 
PHENOL 

PHOSPHORUS ELEMENTAL 

PHTHALATE ESTERS 

POLYNUCLEAR AROMATIC HYDRO­
CARBONS 

SELENIUM 
SILVER 

SULFIDE-HYDROGEN SULFIDE 

TETRACHLORINATED ETHANES 

TETRACHLOROBENZENE 1,2.4.5 
TETRACHLOROETHANE 1.1,2,2 

TETRACHLOROETHANES 

TETRACHLOROETHYLENE 
TETRACHLOROPHENOL 2,3,5.6 
THALLIUM 
TOLUENE 

TOXAPHENE 
TRICHLORINATED EHANES 

TRICHLOROETHANE 1.1.1 
TRICHLOROETHANE 1.1.2 

TRICHLOROETHYLENE 
TRICHLOROPHENOL 2.4.5 
TRICHLOROPHENOL 2.4.6 

Priority 
PoUutant 

Y 

Y 

Y 
Y 

Y 

Y 

Carcinogen 

Y 

Y 
Y 

Y 

Y 

Y 

N N 

Y i Y 
N 

N 
Y 
Y 

N 

Y 
Y 

Y 
Y 

N 

Y 

Y 

Y 
Y 

Y 
Y 
Y 
Y 

Y 
Y 

Y 
Y 
Y 
N 
Y 

N 
N 
N 

N 
N 

N 

Y 

N 
N 

N 

N 

N 

Y 
N 

Concentration in Micrograms Per Liter 
for Protection of Aquatic Life 

Fresh 
Acute 

Criteria 

•5.850, 

0,065 

2,0 

•7.240, 

***2o. 

•10.200, 

•940, 

. 260, 
4,1 + 

•9.320. 

•9,320, 

Y •5,280, 
N 
N 

N 

Y 
Y 

N 
Y 

Y 
N 
Y 

•1,400, 
•17,500. 

0.73 

•18,000, 

•45,000, 

Fresh . 
Chronic 

• Criteria 

0.013 
0.014 

•1,100, 

•••13. 
•2;560. 

•3. 

35. 
0.12 

2, 

•2,400. 

•840. 

•40. 

0.0002 

•9.400. 
•21.900, 

•970. 

Marine 
Acute 

Criteria 

•3,300.000 

10, 

•390, 

13, 

•5,800. 

•2,944. 

•300, 

410, . 
2.3 

•9,020. 

•10,200, 

•2,130, 

•6,300. 

0,21 

•31,2000, 

•2.000, 

Marine 
Chronic 
Criteria 

Concentration in Units Per Liter 
for Protection of Human Health 

Water 
and Fish 
Ingestion 

0,8ng»* 

6,4ng** 

0,8ng** 

l,4ng*'' 

0.03 

•281, 

•7,9 

0.1 

•3,4 

54, 

4,900.ng^* 

16,ng** 

0,079ng** 

74,ug 
LOlmg 

3,5mg 

2,8ng** 

10,ug 
50,ug 

2, 

•450, 
•440, 

•5,000, 

0,0002 

38,ug 

0,17ug** 

0,8ug^« 

I3.ug 

14,3iT\g 

0,7lng** 

18,4mg 

0,6ug** 
2,7ug** 
2,600,ug 
l.2ug'* 

Fish 
Consumption 

Only 

l,240,ng** 

587.ng** 
l,240.ng** 

16,000,ng** 

I6,l00.ng" 

91,900,ng** 

0,079ng»» 

85,ug 

31,Ing" 

48,ug 

10,7ug*' 

8,85ug** 

48.ug 

424.mg 

0.73ng'* 

1.03g 
4l.8ug** 

80.7ug'* 

3.6ug*' 

Drinking 
Water 
M.C.L. 

0.0 Img 
0.05mg 

O.OOSmg 

t 

1^ 
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WATER QUAUTY CRITERIA SUMMARY (Continued) 

Compound Naoiie (or Class) 

VINYL CHLORIDE 

Priority 
PoUutant Carcinogen 

Concentration in Micrograms Per Liter 
for Protection of Aquatic Life 

Fresh 
Acute 

Criteria 

Fresh 
Chronic 
Criteria 

Marine 
Acute 

Criteria 

Marine 
Chronic 
Criteria 

Concentration in Units Per Liter 
for Protection of Human Health 

Water 
and Fish 
Ingestion 

2,ug* 

Fish 
Consumption 

Only 

525.ug* 

Drinking 
Water 
M.C.L. 

ZINC 120.+ 110+ 95 86 

g 

mg 

ug 

ng 

pg 

f 

Y 

N 

™ 

= 

= 

= 

= 

= 
ZS 

~ 

grams 

milligrams 

micrograms 

nanograms 

picograms 

fibers 

Yes 

No 

MEANING OF SYMBOLS: 

M.C.L. = Maximurn Contaminant Level 

+ = ' Hardness Dependent Criteria (100 mg/L used), 

* = Insufficient data to develop criteria; value presented is the L,0,E,L, — Lower Observed Effect 
Level. 

** = Human health criteria for carcinogens reported for three risk levels. Value presented is the 
10-6 risk level, which means the probability of one concem case per million people at tlie stated 
concentration. 

*** = pH Dependent Criteria (7.8 pH used). 

1 = Valiies in Table 20 are applicable to ail basins as follows: 

Basii^ 
North Coast 
Mid Coast 
Umpqua 
South Coast 
Rogue 
Williamette 
Sandy 
Hood 
Deschutes 
John Day 

Rule 
340-4 l-205(p) 
340-4 l-245(p) 
340-4 l-285(p) 
340-4 l-325(p) 
340-41-365(p) 
340-4 l-445(p) 
340-4 l-485(p) 
340-4 l-525(p) 
340-4 l-565(p) 
340-4 l-605(p) 

Basin 
Umatilla 
Walla Walla 
Grande Ronde 
Powder 
Malheur River 
Owyhee 
Malheur L^e 
Goose & Summer Lakes 
Klamath 

Rule 
340-41-645(p) 
340-4 l-685(p) 
340-4 l-725(p) 
340-4 l-765(p) 
340-4 l-805(p) 
340-4 l-845(p) 
340-4 l-885(p) 
340-4I-925(p) 
340-4 l-965(p) 

Water a n d Fish Ingestion 

Values represent tlie maximum ambient water con­
centration for consumption of botli contaminated 
water and fish or other aquatic organisms. 

Fish Ingestion 

Values represent the maximum ambient water con­
centration for consumption of fish or olher aquatic 
organisms. 

00 

SA\Table\WH5307,D 
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TABLE 9-1 

nsoiffl "White KJmg Posd Water Qsaailty Followiasg IH-Sitia 
PRG sod Ambieut Water QuaSity Criteria (AWQC) 

White Kiog/Lucky Lass Mines Site 
Lakeview, OregoE 

Analytes 

PH 

Preliminary 
Remediation 

Goals 
6.5 - 9.0 

AWQC* 
Freshwater 

Chronic 
7.0-9.0 

White King Pond 
Average 

Dissolved 
Concentration'' 

7.4 
Total Inorganics (mg/L) | 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 

1 Zinc 

0.2' 
NE 

0.03670.033' 
NE 
NE 
NE 
NE 
NE . 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

N/A 
1.6 

0.19" 
N/A 

0.0053 " 
O.OOU" 

0.011 
N/A 

0.012 ' 
1.0 

0.0032 ^ 
N/A 

0.000012 
0.16"̂  
0.035 

0.00012 
0.040' 

N/A 
0.11.' 

0.078 
0.025 U 
0.014 
0.020 
0.0017 U 
0.0017 U 
0.0054 U 
0.026 
0.0058 U 
0.16 U 
0.0065 U 
0.58 
0.000053 U 
0.045 
0.0059 U 
0.0057 U 
0.0097 U 
0.0028 U 
0.049 

* EPA, 1986, Oregon Regulation 340.41; Ambient Water Quality Criteria. These criteria are provided for 
comparison purposes only. Basin standards may have been developed to address uses and exposures-that are 
different from those associated with White King Pond. 

N/A - Not available. 
NE - Not established. 

' Trivalent arsenic standard is used in lieu of total arsenic standard, 
*" Insufficient data to develop criteria; vaiue presented is the Lowest Observed Effects Level. 
' Hardness dependent criteria (100 mg/l used). 
'' Dissolved concentrations are used for comparison because the total analyses are not relevant as risk is 

related only to dissolved arsenic in water (WESTON, 1999b), 
' PRG for White King Mine pond water. 
' PRG for Augur Creek surface water. 

U - Undetected. 

CHOI\PUBLIC\WO\W:500\25057T3-IA.DOC B-39 27 August 1999 



TABLE 10-1 

DETAILED ANALYSIS OF ALTERNATIVES - COST SUMUVIARY 

WHITE KING/LUCK LASS MINES SITES 

LAKEVIEW, OREGON 

AKernallyes 

Capital/Construction Cost 

Annual O & M 
Cost 

Present Worth of 30 

Year O & M Cost 

PW of Incremental 

Cost for Perpetual 

Care 

Tolnl Present 

Worth Cost (30 

y t i i r O & M ) 

Wtiite King Mine Stockpile 

SP-2' 

SP-Sa" 

SP-3b° 

SP-4a'' 

SP-4d'' 

SP-S" 

$509,000 

$4,316,000 

$6,249,000 

$10,828,000 

$11,314,000 

$26,116,000 

White King Pond Water 

WI<:PW-2 

WKPW-3 

WKPW-4 

WKPW-5a 

WKPW-5b 

WKPW-6a 

WlCPW-6b 

$58,000 

$58,000 

$1,624,000 

$1,664,000 

$891,000 

$1,731,000 

$1,011,000 

$36,000 

$68,001) 

$54,000 

$55,000 

$55,000 

$61,300 

$447,000 

$«44,()()0 

$670,000 

$682,000 

$682,000 

$724,000 

$67,000 

$127,000 

$101,000 

$104,000 

$104,000 

$152,000 

$956,000 

$5,160,000 

$6,919,000 

$11,510,000 

. $11,996,000 

$26,840,000 

$18,000 

$55,000 

$0 

$0 

$0 

$0 

$0 

$223,000 

$682,000 

$0 

$0 

$0 

$0 

$0 

$34,000 

$104,000 

$0 

$0 

$0 

$0 

$0 

$281,000 

$740,000 

$1,624,000 

$1,664,000 

$891,000 

$1,731,000 

$ 1,011,000] 

LucUy Liiss IVIine StocUpilcs 

I.L-2 

l.L-3 

LL-4' 

$I69.0()() 

$349,00(1 

$2,656,000 

$15,000 

$I5,0()() 

$9,000 

$l«fi,0()() 

$ISf),0(K) 

$112,000 

$28,000 

$28,000 

$17,000 

$355,000 

$535,000 

$2,768,000 

Notes: 

"Implemeniing these alternatives would also require implementing WKPW-2 or -3 

Implementing these alternatives would also require implementing WKPW-4, 5a, 5b, 6a, or 6b 

'Inqremental cost of moving Lucky Lass stockpiles and combining wiih the Allernalive SP-5, 

27 August 1999 



I 
Tafeie1-8=1 

ITOCKPILES Aiternativ© SP= 3b (Revised Westom Estlmat©) 

CabtiaS Costs foir SP°3b 

Descnption Quantity Unit Unit Rate Total Cost 

Mobilization/Demobilization 
Sub-Total 

site Preparation/Improvements 
Temporary Fadlities 
Haul Roads 
USFS Road I.Ttprovements 
Environmental Controls 

Sut^Tot^l 

Institutional Controls 
Physical restrictions 
L^nd use Restrictions 
Monitoring well Installation 

Sub-Total 

Cover & Consolidation on Protore Stockpile 
Bocavate & place Protore off-pile & 
soil for 25" setback from creek 
Excavate & place overburden stockpile 

Cover 
Vegetation 
Top soil 
Cover soil 
Barrier - Erosion resistant rock 

Restoration of USFS Borrow Source 
Sub-Total 

Temporary & Final Reclamation 
Temp Reclamation following 1st Const season 

Temp Regrading & Eroston control at overburden stockpile 
Temp Regrading 81 Erosion control at Protore stockpile 
Temp Regrading & Erosion control In off pile areas 

Final Reclamation following 1st Const season 
Rnal Regrading & Vegetation of overburden stockpile 
Temp Regrading & Vegetation on Off pile areas 

Sut}-Totai 

1 Job 

1 
1 
1 
1 

Job 
Job 
Job 
Job 

6,000 LF 
4 Parcel 

80 LF 

137,955 

455,000 

21 
8,181 

40,907 
16,363 

2 

CY 

CY 

Acres 
CY 
CY 
CY 

Acres 

$ 29.000.00 

$ 14.000.00 
$ 28,0)0.00 
$ 30,000.00 
$ 32,000.00 

$ 20.00 
$ 10,000.00 
$ 90.00 

3.00 

4.00 

$ 2.500.00 
$ 10.00 
$ 6.00 
$ 14.00 
$ 7,000.00 

$ 
$ 
$ 
$ 
s 

$ 
$ 
$ 
$ 

29,000 
29,000 

14,000 
28,000 
30,000 
32,000 

104,000 

120,000 
40,000 

7,200 
167.200 

$ 413,865 

$ 1,820,000 

52.500 
81.810 

245,442 
229,082 

14.000 
2,856,699 

26 
21 
21 

26 
21 

Acres 
Acres 
Acres 

Acres 
Acres 

$ 
$ 
$ 

$ 
$ 

1,000.00 
1,000.00 
1,000.00 

7,000.00 
7,000.00 

$ 
$ 
$ 

$ 
$ 
$ 

26,000 
21,000 
21,000 

182,000 
147,000 
397,000 

Stormwater Management System 
F.'snc.h Drain (see attached estimate) 

Drainage Swales (4' wide) total 2,700 LF 
Excavation 
Geotextile (lOoz/sy) 
Rip Rap {6"thick) 

Drainage Swales (8' wide) total 2,700 LF 
Excavation 
Geotextile (10 oz/sy) 
Rip Rap (8°thick) 

i.ouu 60,00 108,000 

420 
1,500 

250 

1,200 
3,000 

700 

CY 
SY 
CY 

CY 
SY 
CY 

$ 
$ 
$ 

$ 
$ 
$ 

3.00 
1,35 

14.00 

3.00 
1.35 

14.00 

$ 
$• 
$ 

S 
$ 
$ 

1,260 
2,025 
3,500 

3,600 
4.050 
9,800 

B-41 SP3b cost estimate summary.xIsEstimate 2a 
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• Table 11=1 

miTE KF̂ 8G mUB WASTE STOCKPiLES ASt@ma«lv© SP= 3b (Revised Westooi Estimate) 

Description 
Sub-Total 

Construction Cost Sub-Total 

Engineering/Design (6% of Const. Cost) 
Sub-Total 

Contractor Procurement(s) 
Sut!-Total 

Quantity Unil Unit Rate 

Local Requirements 
Sub-Total 

Construction Management (2 Constnjction Seasons) 
Resident Engineering 
Construction Manager 
Health a Safety Officer 
Assistant to Health Physicist 
Confirmation Sampling 
Construction Technician (Compaction Testing) 
Cover QA/QC Testing 
Surveying 
HeaHh & Safety Monitoring 
Post Const Documentation 8i Certification 
Home Office Allocation (5%) 

Sut>-Total 

Contractor Managen^ni (2 Constitiction Seasons) 
Superintendent (8 mon lOhrs/day, 4 mon 8/day) 
Foreman 

Sub-Total 

Sub-Total Capital Construction 

Allowance for Contractor Change Orders (10%) 

Contingency (10%) 

TOTAL ESTIMATE 

1 

1 

1 

2,640 
2,640 
2,640 
1,440 

1 
768 

21 

2,464 
2,464 

Job 

Job 

Job 

Hour 
Hour 
Hour 
Hour 
Job 
Hour 
Acre 
Job 
Job 
Job 
Job 

Hour 
Hour 

$221,168.00 

$ 

$' 

$ 
$ 
S 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

$ 
$ 

50,000.03 

25,000.00 

80.00 
80.00 
80.00 
50.00 

7.500.00 
45.00 

4,000.00 
15.000.(X) 
45,500,00 
36,050.00 
93,650.00 

55.00 
55.00 

S 

$ 

$ 

s 
$ 
$ 

$ 
$ 

$ 
$ 

s 
$ 
$ 
$ 
$ 

s 
s 
$ 
$ 
$ 

$ 
$ 

5 

$ 

$ 

$_ 

Total Cost 
132,235 

3,686,134 

221,168 
221,168 

50,000 
50,000 

25,000 
25,000 

211.200 
211.200 
211,200 

72,000 
7.500 

34.560 
84,000 
15,000 
45,500 
36.000 
93,650 

1,021,810 

135.520 
135,520 
271,040 

5,275,152 

527,515 

527,515.20 

. 6,330,182 

Annual Operation and Maintenance Cost for SP-3b 

Transportation to Site for Monitoring 
Per Diem and Car Rental Cost for Monitroing 
Heatlh and Safety Monitoring 
Monitoring Well Sampling and Analysis 
Augur Creek Monitoring (water and sediments) 
Sign Replacement 
Mobilization for 08tM of Cover System 
Fence Repair/Replacement 
Vegetation Replacement 
Top-Soil Cover Repair 

1 
9 

• 3 

6 
6 
1 

Job 
300 
1,25 
500 

Trip 
man-days 
days 
sample 
sample 
LS 
Estimate 
LF 
Acres 
CY 

$ 
$ 
$ 
$ 
$ 

$ 
S 
$ 

2,100,00 
200,00 
150,00 
150,00 . 
150.00 

20.00 
2,500.00 

12.00 

$ 
$ 
$ 

s 
s 
s 
$ • 

s 
$ 
$ 

2,000.00 
1,800,00 

500.00 
1,000.00 
1,000.00 
1,000.00 
5,000,00 
6,000,00 
3.000.00 
6,000.00 

B-42 SP3b cost estimate summary.xIsEstimate 2a 
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I 

rabte11-1 
ES Altemative SP= 3b (Revised WestQin Estimate) 

Description uantity 
Job 
1.3 
2 

Job 
Job 

Unit 
Estimate 
Acres 
Day 
Estimate 
Estimate 

Unit Rate 

$ 3,000.00 
$ 1,210.00 

Total Cost 
Stormwater Management System Maintenacne 
Former Stockpile Revegetation 
Semi-Annual Site Inspections 
Annual Documentation Report 
Annualized cost for 5-year Review 

Contingency (10%) 
Annual O&M Cost (v»nth 10% contingency) 

PRESENT WORTH OF ANNUAL O&M OVER 30 YEAR POST-CLOSURE 
. PW OF INCREMENTAL COST FOR PERPETUAL CARE (a 15% increase) 

TOTAL PRESENT WORTH (Capital/Construction/Annualized O&M) 

1,000.00 
4.000.00 
2,000.00 
5,000.00 
4,000.00 

43,300.00 

$ 4,330.00 
S 47,630.00 

$ 256,691.00 
S 38,503.00 

$ 6,625,376.40 

Notes 
Costs are estimates based on setback of Protore Stockpile from Augur Creek 
arul a 24 inch soil cover as cateulated by Jacobs Engineering for the U.S. 
Forest Servk:e. Assumptions are the same as developed in the FS (Appendix I 
Table 2). O&M is based on FS estimate for Cover Option A (12 Inches of soil). 
Other major assumptioi^ are: Two 5.5 month constructions seasons, cover 
replacement 5% of total cover annuallly, and discount rate of 7% and a 30 year 
operating life. • 
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LUCKY LAI 

Capital Costs for Lucky Lass Stockpile AJtemative LL-3 

Description Quantity Unit Unit Rate Total Cost 

Mobilization/Demobilizatkin 
Sub-Total 

Job Estimate 5,000 
5,0t}0 

Site Preparation/Improvements 
Temporary Facilities Job Estimate 
Haul Roads Job Estimate 
Environmental Controls Job Estimate 

Sub-total 

Institutional Controls 
Physical Restrictions 1 LS 
Land Use Restrictions 1 Parcel 

Sub-Total 

Excavate/Remove Material above PRGs 
Excavate & Place Material at White King mine 3000 CY 
Restore Excavations 
Vegetation 
Backfill Excavations 
Top Soil 
Riprap Protection along Lucky Lass Discharge 

Sub-Total 

Reclaim Stockpiles 
Regrade East and West Stockpile 
Topsoil 
Vegetation 

Sub-Total 

CONSTRUCTION COST SUBTOTAL 

Engineering Design 
Contractor Procurement 
Local Requirements 

Construction Management (one season) 
Resident Engineer 240 hour $ 
Surveying Job Estimate $ 
Health and Safety Monitoring Job Estimate $ 
Post-Construction Documentation and Certificatio Job Estimate $ 
Home Office Allowance (10%) . Job Estimate $ 

Contractor Management (Superintendent) 240 hour $ 

2,aK).00 
10,000.00 

$ 
$ 
$ 

6 $ 

5,000 
14,000 
5,ax) 

24,000 

2.000 
10,000 
12,000 

18,0)0 

2 
3,000 

500 
400 

10,000 
3,500 

8 

Job 
Job 
Job 

Acres 
CY 
CY 
CY 

CY 
CY 

Acres 

Estimate 
Estimate 
Estimate 

$ 
$ 
$ 
$ 

$ 
$ 
$ 

2,500.00 
6.00 

10.00 
14.00 

3.00 
10.00 

2,500.00 

10000 
5000 
5000 

$ 
$ 
$ 
$ 
$ 

$ 
$ 
$ 
$ 

$ 

$ 

5,000 
18,000 
5,000 
6,00) 

52,000.00 

30,000 
35,000 

20,000.00 
85,000 

178,000.00 

25,000.00 
5000 
5000 

80,00 
2,500.00 
1,000.00 
1,000.00 
2,350.00 

19,000,00 
2,500,00 . 
1,000,00 
1,000,00 

26,000.00 

80,00 $ 19,000.00 

SUBTOTAL (Capital and Construction) $ 258,000.00 
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Aitersiati¥e LL-=3 

Description Quantity Unit Unit Rate Total Cost 

ALLOWANCE FOR CONTRACTOR CHAiMGE ORDERS (10%) 

Contingency (25%) 

TOTAL EST!B.mTE {CAPSTAL/COMSTRILfCTION) vvith Contingency 

$ 26,000.00 

$ 65,000.00 

$349,000 

Annual Operation and JWamtercamee Cost for WKPW-3 

Mobilization for O&M of Cover System 
Sign Replacement 
Semi-Annual Site inspections 
Vegetation Replacement 
Top-Soil Cover Repair 
Annual Documentation Report 
Annualize cost for 5-year review 

Sub-Total 

CONTINGENCY (25%) 

Annual O&M Cost (with 25% contingency) 

PRESENT WORTH OF ANNUAL O&M OVER 30 YEAR POST-CLOSURE 

TOTAL PRESENT WORTH (Capital/Consti-uction/Annualized O&M) 

Job 
1 
2 

0.5 
200 
Job 
Job 

OST 

Estimate 
LS 
Day 

acres 
CY 

Estimate 
Estimate 

•CLOSURE 

zed O&M) 

$ 
$ 
$ 
$ 

500.00 
1.210.00 
2,500.00 

12.0) 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

$ 

$ 

$ 

$ 

2,000.00 
500.00 

2,000.00 
1,000.00 
2,0)0.00 
2.000.00 
2,000,00 

12,000.00 

3,000.00 

15,000.00 

186,000.00 

535,000.01 

Notes: O&M Assumes a discount rate of 7% and a 30 year operating life. 
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Wiiite King P©nd Water Alternative WKPW-

Captsai Costs for WKPW°3 

Description Quantity Unit Unit Rate Total Cost 

Estimate 

Farce! 
LF 

Mottilization/Demotiilization Job 
Sub-Total 

Institutional Controls 
Land Use Restrictions 1 
I\Aonitoring Well Installation 80 

Sub-Total 

CONSTRUCTION COST SUBTOTAL 

Engineering Design 
Contractor Procurement 
lj>cal Requirements 

Contruction Management 
Resident Engineer 
Surveying 
Health and Safety Monitoring 
Post-Consturinton Documentation and Certification 
Home Office Wlowance 

Sut>-Total 

Contractor Management 

Superintendent 60 hour 

SUBTOTAL (Capfial and Constmction) 

ALLOWANCE FOR COIMTRACTOR CHANGE ORDERS (10%) 

Allowance for Contractor Change Orders (10%) 

Contingency (25%) 

TOTAL ESTIMATE (CAPfTAL/CONSTRUCTiON) vjith Contingency , 

Job 
Job 
Job 

60 
Job 
Job 
Job 
Job 

Estimate 
Estimate 
Estimate 

Hour 
Estimate 
Estimate 

. Estimate 
Estimate 

$ 10,000.00 
$ 90.00 

$ 3.000.00 
$ , 1,000.00 
S 10,000.00 

80.00 

55.00 

5,000 
5,000 

10,000 
7,200 

17,200 

22,200 

$ 
$ 
$ 

$ 
$ 
$ 
$ 
$ 
$ 

3,000 
1,000 
1,000 

5.000 
2.5(K) 
2.500 
2,000 
1,200 

13,200 

3,300 

4,000 

$ 58,000.00 

Annual Operation and Maintenance Cost for WKPW-3 

Managemtn of Pond Water 
Transportation fo Site for Monitoring 
Per Diem and Car Rental Cost for Monitroing 

. Heatlh and Safety l^/lonitoring 
Monitoring of Pond Water 
Monitoring Well Sampling and Analysis 
Semi-Annua! Site Inspections 
Annual Documentation Report 
Annuualize cost for 5-year review 

Suti-Total 

CONTINGENCY (25%) 

Annual O&M Cost (with 25% contingency) 

PRESENT WORTH OF ANNUAL O&M OVER 30 YEAR POST-CLOSURE 

TOTAL PRESENT WORTH (Capital/Construction/Annualized 0&l\^) 

Job 
1 
9 
3 
3 
6 
2 

Job 
Job 

Estimate 
Trip 

Man-Days 
Days 

Sample 
Sample 

Days 
Estimate 
Estimate 

$ 30,000.00 
$ 2,100.00 

200.00 
150.00 
80.00 

150,00 
1,210.00 
2,000.00 
4,000,00 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

$ 

s 

$ 

s 

30,000.00 
2,000.00 
1,800,00 

500,00 
200.00 

1,000.00 
2,000.00 
2,000.00 
4,000.00 

43,500.00 

11,000.00 

54,500,00 

682,000.00 

740,000.00 
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APPENDIX C • 
PART 3: RESPONSIVENESS SUMMARY 

WHITE KING/LUCKY LASS 
SUPERFUND S I l ^ 

The responsiveness summary addresses public comments on ihe proposed plan for the Vvlsite 
King/Lucky Lass site. The proposed plan was issued on September 29,1999. TTie public 
comment period was held from October 1,1999 to January 10, 2000, including a two 3G-day 
extension A public meeting was held in Lakeview, Oregon on October 14, 1999 to present the 
proposed plan and to accept oral and written public comments. Additional information (^ the 
community involvement for this site is discussed in Section 3 of the ROD. 

OVERVIEW 

The U.S. Environmental Protection Agency (EPA) distributed a Proposed Plan for remedial 
action at the White King/Lucky Lass site near Lakeview, Oregon. The Proposed Plan identified 
the preferred remedial altemative for the site. The major components of the proposed remedial 
altemative for White King/Lucky Lass presented in the Proposed Plan were as follows: 

• Containment and Consolidation of the Overburden Stockpile with the Protore Stockpile 
with a 24 inch cap (12 inches of soil and 12 inches of rock) 

• Continued neutralization/monitoring ofthe White King Pond 
" Removal of Soils at the Lucky Lass site which exceed remediation levels and 

consolidation with the White King stockpiles 
• Long term maintenance, monitoring, and institutional controls 

EPA received oral comments on the Proposed Plan during the October 14, 1999, public meeting 
in Lalceview, and seven letters during the pubhc comment period from October 1,1999, through 
January 10, 2000. EPA also received 59 pages of comments from Kerr McGee and 151 
pages of attachments on the Proposed Plan. Due to the Umited number of oral and written 
comments from conmiunity members these comments are presented individually followed by 
EPA's response. The comments received from Kerr McGee are paraphrased and organized into 
categories based on the comment. , 

SUMMARIZED COMMUNITY COMMENTS 

Verbal Comments During the PafeBIc Meetir»g 

Comment: A person familiar witli the operation ofthe mine .stated that the contractors working 
on the open pit had no knowledge of the level of radioactivity in each truck load and randomly 
disposed of materials using both, stockpiles. Given the mix of materials in the stockpiles how will 
they be monitored? 

Response: The remedial action will consolidate the overburden and protore stockpiles into a 
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single mine waste repository with a two-foot thick soil cover. There will be no attempt to 

separate higher level radioactivity from lower levels within the stockpile materials. Monitoring 
will be conducted of ground water, sediment, and surface water to ensure that contaminants are 
not migrating into Augur Creek Air monitoring will also be conducted during the remedial 
action to ensure there are no impacts to air or workers. Long-term inspection and maintenance of 
the repository will be conducted to ensure that it remains protective. 

Comment: How will equipment decontamination be handled during this project? 

Response: The Remediai Design will include plans for decontaminating equipment and 
preventing the spread of contamination off the site. The contaminants at the site can be easily 
removed from vehicles and equipment using conventional washing techniques. 

Comment: Who has been conducting the monitonng ofthe White King Pond and the addition of 
limestone? 

R^ponse: This work has been conducted by the Kerr McGee Corporation, with oversight by 
EPA, ODEQ, USFS, and OOE. 

Comment: Has an area been identified that would provide cover soil or rock for the project? 

Response: No. The remedial design will identify the criteria for this material and potential 
sources in the area. 

Comment: The levels of arsenic in the Goose Lake valley are higher than at the mine sites, 
particularly at Hunters Lodge and nearby residences. What is either EPA or DEQ doing to 
address this "hazard"? 

Response: Drinking water in this area would only be tested and regulated if it serves through a 
"pubUc water system". PubUc water systems are those that serve more than 10 individuals. 
These are regulated by the Oregon Health Division under the Federal Safe Drinking Water Act 
and Oregon's Adnunistrative Rules Section 333-61. For example, the City of Lakeview's water 
is required to be tested with results being submitted and available at the Health Division. More 
information about these systems and any test results could be obtained from the Drinking Water 
Section of the Oregon Health Division at (503) 731-4010 or 
http://www.ohd.hr.state.or.us/dwp/docs. 

Owners of private domestic wells are only required to sample for coliform bacteria and nitrates 
as part of a real estate transaction in accordance OAR 333-061-0305 to 333-061-0335. EPA and 
DEQ encourage all individual well users to have their weUs tested and to respond to test results 
appropriately to protect themselves from naturally occurring contaminants found in the area such. 
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as arsenic and radionucUdes. It is the homeowners responsibiUty for the testing as the state or 
EPA is not able to fimd statewide private weU sampling. 
The Hot Springs at Hunter's Lodge would be considered a recreational area. The standards for 
waters that are used for swimming and recreation are also regulated by tl^ Oregon Health 
Division. The Environmental Services Section of the Health Division can be contacted at (503) 
731-4012 regarding any health concems or testing of surface waters used for recreatioa 
Recreational uses are not the jurisdiction of DEQ or EPA 

Comment: There are elevated levels of uranium throughout the ar&softhe site and it seems that 
putting a fence around the stockpiles 'would be adequate to address any "potential" risks. 

Response: Altemative SP-2 provides a fence (or barrier) to prevent access by medium-to-large 
mammals, domestic cattle, and humans; however, it does not provide protection for small 
mammals or prevent erosion and the protectiveness depends on the effectiveness of physical and 
land-use restrictions. It also would not comply with State of Oregon requirements prohibiting 
disposal of radioactive material in a floodplain of a river or creek. 

Comment: What happens when wildlife or livestock ingest the water in the pond? 

Response: Historically the White King Pond water has had a pH around 4-5. Except for effects 
on some aquatic Ufe EPA is not aware of any particular toxic effects on Uvestock or wildUfe from 
consumption of acidic water. EPA's main concem at this time is with contaminants in the pond 
sediments and whether they are toxic or can lead to bioaccumulation in aquatic organisms. The 
ROD requires fiuther evaluation of the sediments to assess the toxicity and bioaccumulation 
potential of contaminants in order to evaluate the risks and feasibility of environmental 
protection for the proposed beneficial uses (primarily aquatic habitat). In the short-term Uvestock 
watering and recreational use will be restricted by fences while the neutraUzation efforts and 
sediment evaluation are being conducted and evaluated. 

Comment: Will the govemment conduct monitoring ofthe site in the future? 

Response: Yes. While a contractor wiU likely conduct the inspection, maintenance, and 
monitoring required at the site both the state and federal agencies will conduct oversight of these 
activities for an indefinite period of time. In addition since contaminated materials will remain 
on site EPA will be required to conduct a detailed review ofthe effectiveness of the remedy 
within five years of unplementation of the remedy. 

Comment: Either consolidation of the stockpiles or leaving them in place seem like reasonable 
alternatives. Relocation ofthe material to another location seems like an unnecessary expense. 

Response: Comment noted. The selected remedy does not relocate the material to another 
location off-site but does move the material in order to meet State of Oregon requirements for 
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disposal of radioactive materiaL 

Comment: The level of radiation currently at the site is no greater than what can be found in 
other areas near the site like in Thomas Creek. 

Response: EPA acknowledges there are probably other areas of radiological mineralization in 
the area. Those areas that have not been disturbed will not be cleaned up. Generally, the intent is 
to retum the White King Lucky Lass Mines site to either acceptable risk or background levels, 
ynder premining conditions, radiological materials were in the bedrock beneath layers of soil arid 
subsoil These materials have now been exposed at the surface and need td be consoUdated and 
covered so that they cannot be dispersed above grade by man, animals, or natural erosive 
processes. 

Comment: The level of radiation at the mine site is lower now, due to the extraction ofthe 
uranium, than when it was mined and the levels of radiation are no different from what can be 
found naturally ih other areas near the site. The site has been in its current condition for 35 
years with rw apparent hamrful effects. Why take action at all? 

Response: The levels of radiation in stockpiles and surface soils are not at background. 
Backgroimd is based on levels that are found naturally in the vicinity ofthe Mines Site which 
have not been disturbed by mining activity. As stated in the previous response contaminated 
soils have been exposed at the surface where there was previously soil and subsoil cover. 
Radium-226 and arsenic in these soils and stockpiles exceed background soil concentrations. 
The selected remedy is based on the remedial actions that are necessary to prevent exposure and 
unacceptable risk. 

Comment: How is consideration of current and future costs factored into the proposed project? 

Response: Current costs are based on the capital costs of remediation. Future costs are based on 
the cost of long-term inspection and maintenance. These are projected for thirty years at a 7% 
discount rate using the present worth fmancial model. According to present worth, a sum of 
money is held in escrow, and future costs are defrayed by compounding interest on the sum. 

Comment: How will the meadow be restored when the stockpiles are moved? 

Response: The selected remedy (SP-3b) will move the overburden stockpile to be co-located 
with the protore pile in a single mine waste repository. The meadow wUl be restored in 
accordance with Oregon mined land reclamation requirements. Revegetation of all disturbed 
areas will be done so it is comparable in stabihty and utility to adjacent areas. The dominant 
herbaceous community within the undisturbed wetlands consists of a combination of hairgrass-
sedge moist meadows, sedge-wet meadows, and low sagebrush/bluegrass meadows. 

Comment: The White King stockpile Alternative 3 is acceptable and would seem to cause little 
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disturbance. 

Response: The EPA, Federal and State Agencies have reached the same conclusion. . 
Altemative SP-3b provides the greatest measure of long-term effectiveness because of reduced 
maintenance due to a thicker effective cover and it meets the State of Oregon requirements for 
disposal of radioactive materiaL 

Comment: Kerr McGee has a great deal of knowledge arul experience with this site and other 
mines. It is hoped that the agencies listen and give consideration to their suggestions. 

Response: The Agencies appreciate input from community members and agree that Kerr McGee 
has specific knowledge and experience related to this site. EPA's responses to Kerr McGee's 
comments are found later in this document. 

Comment: There has been a great deal of discussion about the floodplain of Augur Creek. True 
flooding occurs at lower elevations in a watershed and not at higher elevations such as at this 
site. If damage from erosion was going to occur at the site it -would have been seen by now. 
Over the years there has been little movement ofthe stockpiles. 

Response: White it is true that Augur Creek does not have the erosive potential of larger streams 
at lower elevations there is evidence of erosion on the stockpiles which is likely the result of 
wind and water erosiort The extent of this erosion due to the infiuence of Augur creek cannot be 
detemiined. This is particularly evident at the Overburden stockpile where Augur Creek runs 
parallel to the stockpile. 

Written Comments 

Comment: How will the water levels in the White Kings' pond be maintained to keep a 
consistent pH? 

Response: The water level in the White King pond fluctuates very Uttle throughout the year. 
The primary factor in controlling the pH will the availabihty of material to buffer the acidity. 
Periodic addition of acid neutralizing material such as limestone rock should maintain a neutral 
pH in the White King pond. Monitoring of the pH will occur to determine the effectiveness of 
the neutralization efforts in order to make adjustments in the type and quantity of neutralizing 
agent to be added to the pond. 

• Comment: How frequently will the White King pond, Augur creek, and the site soils be tested? 

Response: Ground water, surface water, and sediment monitoring and evaluation will be 
conducted as part of the remedy. The monitoring frequency will be determined during the 
remedial design but will occur at a minimum of once per year. Since the levels of contamination 
in the site soils are not expected to change over time no further soil sampling is planned once the 
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remedial action is complete. 

Comment: It will take more than barbed wire fencing to keep the public off the site. . 

R^ponse: EPA agrees that fencing alone wili not provide adequate protection from 
contaminated soils and therefore the remedy includes a soii cover over the mine waste repository. 

Comment: What kind of protection will be provided to workers during and after the cleanup? 

Response: The Remedial Design will include development of a site-specific health and safety 
plan. Tbis plan will identify potential risks and actions necessary to protect workers during the 
site cleanup and long term inspection and maintenance program. Typical protection measures 
may include dust control measures, personal protection clothing and equipment (such as safety 
glasses, ear plugs, respirators etc.) and monitoring of worker exposures. Oregon OSHA 
regulations also provide for protection measures for worker safety. 

Comment: Who will be in charge ofthe project EPA, the Forest Service, or both ? 

Response: While EPA had the lead for development of the Record of Decision both EPA and 
the Forest Service share a responsibility for overseeing the implementation of the remedy. In 
addition the Oregon Office of Energy and Oregon Department of Environmental Quality are 
support agencies and will also be involved in overseeing the remedial design, remedial action, 
and long-term inspection and maintenance program. 

Comment: The sensible solution is to post the mines to trespass and inform the public that the 
mines are not as hazardous as ihey have been led to believe. 

Response: Institutional controls or physical access restrictions alone will not provide adequate 
protection to the public over the long term nor will it meet the Oregon rules for the disposal of 
radioactive material. Additional actions are required to reduce the risks and prevent erosion and 
impacts to surface and ground water. 

Comment: Altemative 3 seems tobe an acceptable option as it does not require moving soil or 
disturbing too much other ground at the site. 

Response: Comment noted. 

Comment: Oregon DEQ supports Alternative SP-Sbfor the White King Stockpiles and 
considers this alterrmtive to be the most feasible remedial action under application of Oregon 
environmental cleanup rules and statute. The alternative needs to continue to address important 
elements of Oregon's Cleanup statues and rules including protection ofthe beneficial uses of 
groundwater and surface water and meeting DEQ acceptable risks levels. The ROD should state 
the cover design expectations and/or set forth specific minimum design standards beyond those 
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presented in the Proposed Plan. The design process should consider long term erosion, 
permanence, operation and maintenance, and ihe site setting to arrive at the final cover design. 
The ROD should also include additional specificity, beyond that presented in the Proposed Plan, 
with respect to institutional controls. 

R^ponse: ITie ROD includes additional details on the conceptual design for Altemative SP-3b 
including cover thickness, slopes, use of drainage swales etc. TTie ROD also includes additional 
information on institutional controls consistent with the ODEQ institutional control guidance and 
current land ownership. 

Written Comments from Kerr McGee Corporatlom 

The Kerr McGee Corporation (KMC) submitted extensive written comments dated January 7, 
2000 on the Proposed Plan, including 59 pages of comments and 151 pages of attachments. Kerr 
McGee's comments were divided into general headings for the White King and Lucky Lass 
portions of the site depending on the nature of the comment EPA's response is organized 
according to these headings rather than restating the entire conuhenL Where a heading does not 
fully reflect all the specific comments under the heading EPA has paraphrased the additional 
comments in order to represent die comment and provide a complete response. 

In general Kerr McGee's comments raise a number of valid points with respect to the technical 
similarities between Altemative SP-3a and SP-3b. In fact the comparative analysis of 
alternatives in the FS indicated that they were relatively equal for many of the criteria. In the 
Proposed PlairEPA identified several potential differences which are worth noting. However, 
these potential differences were not the primary basis for selection of the preferred altemative. 
As required by the NCP an altemative must first meet the threshold criterion, protection of 
human health and the environment and compliance with ARARs, before consideration of the 
other balancing criteria. It is the State's position that Altemative SP-3a would not meet state 
laws for disposal of radioactive material. This fact was the primary basis for selection of 
Altemative SP-3b over Altemative SP-3a. 

I. Altemative SP-3a should be chosen as the remedy for the White King portion of the Site. 

Comment: Alternative SP-3a is the best choice because it is completely effective compared to 
other alternatives and al the least cost. 

Response: In order for EPA to select a remedy for a site under CERCLA it must be both 
protective of human health and the environment and meet aU appUcable and relevant or 
appropriate requirements (ARARs). In some cases, an ARAR may be waived if the statutory 
standard is met, however at this site EPA has determined that there is no basis for an ARAR 
waiver. EPA disagrees that Alternative SP-3a is the best choice because it would not meet all 
ARARS. The Oregon Office of Energy has determined that Altemative SP-3a would not 
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comply with state law under ORS 469.375 and OAR—. The overburden pile under Alternative 
SP-3a is in the floodplain of Augur Creek and the ARAR prohibits it remaining in the floodplain. 

Comment: State Energy Rules Should Not Affect Selection of Altemative SP-3a. The Rules are 
legally invalid and do not affect the remedy selection process at this Site. 

R^ponse: EPA has determined that the State of Oregon Energy Rules are an ARAR for this 
Site. EPA submitted comments during the pubUc comment period ofthe State's miemaking 
process to amend its regulations addressing overburden. EPA requested that fhe State not adopt 
the proposed amendments, noting, among other things, that the regulatory amendments regarding 
flood plain prohibitions appeared to go beyond the statutory provisions. The State proceeded 
with its ralemaking process, however, and when the rales were finalized, KMC filed a petition 
with the Oregon Supreme Court challenging the vahdity of the rules. Many of the arguments 
included in KMC's comments are similar to those included in its legal briefe filed with the 
Oregon Supreme Court. The were upheld by the Oregon Supreme Court in January 2001. 
(Fremont Lumber Co. v. Energy Facihty Siting CounciL SC No. S46401 (January 11,2001). 

Comment: The Federal Agencies Have Formally Reached the Conclusion that the Rules Are 
Invalid and Cannot be Used As ARARs at thb Site: 

Response: See response to previous comment. The Federal Agencies have not formally reached 
a conclusion that the State's mles are invahd and cannot be used as ARARs. Although tiie 
Federal Agencies' comments disagreed with the State's position during the State's ralemaking 
process, the Federal Agencies did not challenge the rales after they were finalized. Aithough 
KMC challenged the mles in a petition to the Oregon Supreme Court, the roles were upheld. 

Comment: Even if the rules are fincdly accredited as ARARs, technical data support the 
selection of Altemative SP-3a. Alternative SP-3a would satisfy the criteria oftite Rules. 

Response: The State of Oregon regulations for disposal of radioactive material prohibit disposal 
in the floodplain of a creek. The Remedial Investigation Report provides evidence that the 
overburden stockpile is located within the current and historical floodplain of Augur Creek, and 
therefore Altemative SP-3a, which would cap the stockpiles in their current locations, would not 
meet these mles. 

The mles include a pathway exemption set forth in OAR 345-050-0035, which exempts certain 
material from the rules. In order for Alternative SP-3a to comply with the.mles, it would have to 
meet one of the exemptions. The Oregon Office of Energy (OOE), the agency charged with 
administering these laws, determined that the floodplain and erosion standards apply to the 
overburden piles and that an exemption is not warranted because the gamma pathway set forth in 
OAR 3450-50-0035 is exceeded. OOE made this determination based on radium-226 
concentrations from vertical borings through the piles. (Please refer to OOE's June 21, 2000 
letter which sets fonh the reports of sampling data.) OOE compared these concentrations to 
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tevels seen at other sites they manage, and concluded that gamma radiation at the White King 
overburden and protore stockpiles soil samples would result in exposures exceeding 500 
millirem per year. OOE has determined that concentrations of radioactive material in the 
overburden and protore stockpiles at the White King/Lucky Lass Site exceed the pathway 
exemption and therefore are subje.ct to the requirenEsents ofthe rale. 

KMC claims that the stockpile sampling data shows the bottom half ofthe overburden stockpile 
to be exempt from the rales. Based upon the available stockpile data the agencies beUeve that 
there is no clear trend in the measured values that lends any confidence toward predicting what 
the radium levels are in materials even relatively close to the sampled locations. The levels of 
radium decUne and increase in seemingly random ways throughout the stockpile. This is 
consistent with the random nature by which soils were deposited in the stockpiles (see comment 
made during the proposed plan pubhc meeting). Based on the above, it is EPA's position that 
there is insufficient technical data' to support an exemption from the mles which would be 
necessary for the selection of Altemative SP-3a-

Comment: The Overburden Pile Data Support Selection of Altemative SP-3a. KMC requests 
that ihe Federal Agencies review the technical data and determine that Altemative SP-3a would 
meet all requirements ofthe Rules, should ihey be accredited as ARARs, and can withstand 
erosive forces due to flooding. In addition, when the overburden stockpile is protected -with an 
appropriate cover, the potential for exposure is dramatically reduced and clearly excluded from 
the Rules. 

Response: See response to previous comment. The Agencies beUeve that there is insufficient 
data to support an exemption from the rales. As for the erosion issue given the scale of Augur 
Creek and of the waste piles, EPA agrees with KMC's comment that the active force of Augur 
Creek is insufficient to cause any large scale disturbance to the pile. 

As for the issue of using an appropriate cover for the stockpiles, the State's evaluation under its 
mles does not consider the use of a cover or any remedial action designed to reduce radiation 
levels. OAR 345-050-0035 Usts the conditions under which waste materials subject to the rale 
are to be evaluated. This rale states in relevant part: 

...The Council or the Office shall base its finding on an evaluation of potential radiation 
exposures and effluent releases performed under the following conditions: 

(I) The evaluation corisiders material in the form in which it exists when it is removed from 
the users' equipment, systems, or settling ponds prior to any dilution or remedial action designed 
to reduce radiation levels. 

' The scope of the data collection during the RI was to determine the nature and extent of 
contamination in the stockpiles and not necessarily to determine if soils qualified for the pathway 
exemption which would likely require a much more comprehensive sampling effort. 
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(2) The evaluation does not consider any ameliorating effects of land use restrictions, 
maintenance operations, or cover material at the disposal site. 

The evaluation as to whether or not the rale appUes at the Site must be done as if there were no 
cover for the piles. 
Commemt: Risk Characterization and Land Use Assumptions Should Reflect likely Risks To 

Support Remedy Selection, Altemative SP-3a would remediate dll likely human exposure risks. 
To the extent that Altemative SP-3b is proposed on the basis of residential exposures, that 
proposal should be -withdrawn because there is no support for that risk management decision.. 

Response: EPA agrees that both Altemative SP-3a and SP-3b can be equally protective of 
human health based on the exposure scenarios presented in the risk assessment. However, 
Alternative SP-3b was not proposed on the basis of residential exposures or human health risks. 
The risk assessment is included in the Administrative Record for the Site. 

Comment: Altemative PRGs Based on Background Levels for the White King Area Should Be 
Selected. Kerr McGee requests that the Federal Agencies recognize these naturally occurring 
background levels and derive PRGs based on these levels. All relevant analysis ofthe remedy in 
the Proposed Plan should be adjusted accordingly. 

Response: Cleanup levels in the ROD were selected based on either background, appUcable 
standards, or risk levels, whichever were higher. The statistical basis for EPA's backgroimd is 
documented in Jacob's Engineering Independent Evaluation Report dated April 10,1988, In 
that report, soil locations were included in the background data set if they were not likely to be 
influenced by erosion or leaching of constituents from the overburden and protore pUes, 
regardless if they were in a nuneraUzed zone. 

The record on the disagreement between Kerr McGee and the agencies on the determination of 
background is reflected in the agencies comments on this subject during the Feasibihty Study. 
These are included in the Administrative Record. EPA disagrees that the highest levels of 
arsenic at 1570 mg/kg or Ra-226 levels at 10.3pCi/g be used as background since these values 
are based on inclusion of samples which could be elevated due to their proximity to the 
stockpiles. EPA would like to emphasize that the cleanup approach wiU be guided by visual 
criteria to determine what is mining related waste followed by confirmational samipling and 
placement of a clean soil cover. The specific clean up approach is described in the ROD and wUl 
be refuied during the Remedial Design and Remedial Action Workplan. 

Comment: The Cover Options with Alternative SP-3a are Equally Effective as SP-3b at 
Controlling Infiltration, Leaching, Percolation, and freeze thaw protection. 

Response: Alternative SP-3a has a greater surface area than SP-3b and we beheve that 
infiltration would increase with surface area: However, EPA agrees that it may be difficult to 
distinguish infiltration rates, leaching, and percolation between the two alternatives using the 
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same cover, particularly at ground water monitoring wells. We also agree that freeze thaw 
protection would be roughly equally between the two altematives using the same cover-
Alternative SP-3b was not proposed on the basis of being more protective of ground water 
quaUty than Alternative SP-3a using the same covers. EPA believes that Altemative SP-3b is 
sUghtly more effective and permanent considering issues other than those listed in KMC's 
comments. By consohdating the piles, less surface area is subject to the overall effects of erosion. 
It will also provide an opportunity to compact the material and place it into a more 

stable configuration. It will also place the waste in a single location providing for somewhat 
easier maintenance and monitoring. The Help modeUng analysis cited is useful for design 
considerations and to develop a more pennanent and robust cover but does not in itself support 
the argument that SP-3a and SP-3b are equally effective overall. 

Once a decision was made to select Altemative SP-3b over Altemative SP-3a, based on the 
ARARs analysis, EPA selected a cover design which represented the best balance of a number of 
factors including the NCP balancing criteria. In this analysis the need to establish vegetation and 
minimize biointrusion were two important factors considered by EPA Infiltration and 
percolation were not significant factors for this evaluation. 

Comment: Altematives SP-3a and SP-3b Do Not Differ As to Effects of Erosion 

Response: EPA agrees that engineering design features and the coir^)rehensive operation and 
maintenance plan components ofthe selected remedy will go a long way toward reducing erosion 
ofthe covered stockpile. Such components were also included with Altemative SP-3a. 
However, the addition of overburden pile material to the protore pile under Altemative SP-3b 
can allow more flexibiUty in incorporating design features to minimize erosion. Such features 
could include lower cover gradients, placement of lower concentration/activity materials on the 
top and sides of pile as sacrificial materiaL and compaction of relocated overburden materials to 
promote cohesion and armoring. 

In addition, the consolidation of soils under altemative SP-3b results in less total surface area 
subject to erosion as compared to SP-3a. A single stockpile will be somewhat easier to inspect 
and maintain than two separate stockpiles. Moving the overburden pile wiU provide for a more 
geotechnically stable configuration that can be designed to blend into the adjacent terrain. The 
current location of the overburden pile under Altemative SP-3a is subject to erosion from Augur 
Creek as weU as drainage originating from the White King pond. 
Comment: Altemative SP-3a Would Be Rehable and Effective Considering Issues of 
Biointrusion. A mesh chain link fence under Alternative SP-3a is equally effective as a field 
fence under Alternative SP-3b in hmiting access of herbivores. Whether Altemative SP-3a or 
SP-3b is selected, the cover should include an additional 6 inch rather than a 12 inch rock layer to 
control burrowing animals. 
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R^ponse: The Agencies db not beheve a thin cover and a chain Unk fence is appropriate to 
control biointmsion. Without continuous maintenance, Altemative SP-3A has no long-term 
effectiveness against biointrusion into the contaminated soils by climax plant species or 
burrowmg animals. Furthermore, the abiUty to constmct and maintain a chain Unk fence in an 
extreme environment as at the Mines site is questionable. It also has an undesirable visual 
impact. As for the cover, the selected remedy is different from the preferred remedy identified in 
the Proposed Plan in that an additional 12 inches of soil will be included with the cap as opposed 
to an additional 12 inches of rock layer. (See Section 14 of the ROD.) While a 24 inch soil 
cover alone would not eliminate biointmsion entirely, it would be somewhat more effective than 
the 12 inch soil cover under Altemative SP-3a ia reducing biointmsion into the underlying 
stockpile material for those burrowing animals present m the vicinity of the Site. However, a 24 
inch soil cover in combination with the recompacted "clay-Uke" layer under Altemative SP-3b, 
with placement of lower activity/concentration material on the top and sides ofthe piles, would 
be effective in limiting biointrusion into the underlying contaminated stockpile materiaL 

Comment: Altemative SP-3a Does Not Differ From SP-3b With Respect to Maintenance. The 
needfor maintenance is not a function merely of surface area. The level of maintenance 
required is not a function of thickness of the cover. A better indication is to evaluate the 
respective costs of maintenance. The portions of the cover that are most prone to gully 
propagation and therefore require the greatest amount of maintenance are those areas with the 
steepest slopes. 

Response: As with the other issues raised in Kerr McGee's comments maintenance costs were 
not a criteria which led to the selection of Altemative SP-3b over SP-3a. Altemative SP-3b has 
less overall surface area and intuitively maintenance costs should be somewhat less aU other 
factors being equal This seems to be supported in the FS Volume V Table 2-4 where Aimual 
Cover O&M for Altemative SP-3a is higher than Altemative SP-3b regardless of the cover type. 
We agree that these differences become less with consideration of the higher capital costs of 
Altemative SP-3b and the long term costs for perpetual care. Despite the estimated similarities 
in maintenance costs between the two alternatives EPA beUeves that Altemative SP-3b can be 
constmcted in such a way to minimize those factors, such as slopes , which may lead to higher 
maintenance costs. These factors will be considered and maximized during the remedial design. 

Comment: There Is No Unacceptable Risk From Radon Emanation. The Proposed Plan 
appears to favor Altemative SP-3b over SP-3a because SP-3b would purportedly offer greater 
protection against risks attributable to radon exposure in soils. 

Response: While radon reduction is a potential benefit of a thicker cap it is not the risk driver 
nor the basis for selection of alternative SP-3b in the ROD. The selection of a cap design is also 
not based on potential risk from radon emanation. However, radon flux was not measured during 
the Rl and the Administrative Record documents the Agency's concerns with the lack ofthis 
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information! Radon emissions should stiQ be a consideration because the material has the 
potential to exceed estabUshed criteria. Compacting and configuring the material in Alternative 
SP-3b wUl help reduce the potential to elevate radon. 

Comment: Altemative SP-3b Is not Preferable to SP-3a on the Issue of Wetlands Protection. 
The value of creating a wetlands does not correspond to ihe nine NCP criteria. Removal of ihe 
pile would not result in the establishment of wetlands acreage in all of the footprint. The 
Proposed Plan cites Executive Order 11990 as a basis for preferring SP-3B over SP-3A, but it is 
not a promulgated regulation and therefore not an ARAR. 

Response: The Procedures on Floodplain Management and Wedands Protection are set forth at 
40 CFR Part 6 Appendix A and estabUsh agency poUcy and guidance for carrying out the 
provision of Executive Order 11988 "Floodplain Management" and 11990 "Protection of 
Wetlands." Although these provisions are contained in the Code of Federal Regulations, EPA 
agrees that they do not meet the definition of an appUcable or relevant and appropriate 
requirement (ARAR) under CERCLA This citation has been deleted from the ROD. Please 
note, however, that the deletion of the citation does not effect the analysis of selecting 
Altemative SP-3B over SP-3A given that Altemative SP-3A does not meet the threshold criteria 
used under CERCLA to select a remedy. 

Comment: Altemative SP-3a is Geomorphically Stable and Would Not be Affected by Flooding 
Events. 

Response: As stated in a previous response, the RI provides evidence that the overburden 
stockpile is within the floodplain of Augur Creek and potentiaUy subject to erosion. U.S. Forest 
Service personnel have also observed this to be the case during the spring. 

Flooding potential and velocity calculations were performed for the in-pit disposal option, 
Alternative 4. However, there is insufficient analysis to determine the geomorphic stabihty of 
Altemative SP-3a other than observations associated with unquantified retum intervals of 
flooding events in the Auger Creek Watershed. During flooding of Auger Creek in January 
1999, a high water mark was observed on the overburden pUe but not on the protore pile. 

Under Altemative SP-3a, the location of the overburden pile greatly restricts the Augur Creek 
floodplain by confining Auger Creek to a small channel The overburden pile is directly in the 
path ofthe original stream channel and is approximately perpendicular to flood flow if the stream 
jumps its present channel. Geomorphic processes have already eroded the overburden pile and 
moved overburden material several hundred feet down the valley. No such erosion is evident on 
the protore pile. In addition, it is unportant to remember that a significant amount of water is 
diverted around the high wall and is channeled to the area just below the protore pile. This 
channel has been observed as flowing at near capacity under peak flow conditions. This channel 
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drains into the meadow and flows toward the overburden pile and combines with the Augur 
Creek channel The volume from these drainage areas can add a significant amount of w t̂er to 
Augur Creek and is one of the reasons why erosion has occurred on the overburden pile when 
none has been observed on the protore pile. The Forest Service has estimated the flows from 
these drainages increase the Augur Creek flow by as much as 75% at these times. Another 
contribution to the flows by the overburden pile is the water leaving the pond area. Water flows 
out ofthe culvert and behind the overburden pile as well as overland, across the road and then 
empties into Augur Creek. It is important to note that erosion also occurs on the backside of the 
overburden pile from water flowing in a man-made channel from the pond. So, there is erosion 
occurring on two fronts of the overburden pile which would continue under Altemative SP-3a. 
The same would not be the case for Altemative SP-3b since the consoUdated stockpile wiU be 
moved out of the floodplain of Augur Creek. 

Comment: Altemative SP-3a Provides Greater Protection Against Short Term Air Quality 
Impacts. This factor should be added to the evaluation of remedies. 

Response: Short term effectiveness in the context ofthe nine criteria analysis considers short 
term risk that may be posed to a community during implementation of an altemative, potential 
impacts on workers during remedial action and the effectiveness and reliabflity of protective 
measures, and potential environmental impacts ofthe remedial action and the effectiveness and 
reUabiUty of mitigative measures during implementation. These factors were considered in the 
comparison of altematives section of the FeasibiHty Study and ROD. EPA recognized that 
Altemative SP-3b involves the excavation and movement of 230,000 cubic yards of material 
However, the development and implementation of a site specific health and safety plan and 
implementation of dust control procedures wiU ensure adequate protection for workers and 
impacts to off-site areas during the remedial action. An approved dust control program wiU 
minimize off-site impacts. In addition, given the remoteness ofthe Site, there is httle chance for 
short-term impacts to residences or a potential to impact Lakeview's particulate matter (PMIO) 
levels. 

Comment: Alternative SP-3a Is More Cost Effective Than Alternative SP-3b. Because it also 
costs less than the others, CERCLA requirê s that this remedy be selected. 

Response: Alternative SP-3a does not meet the threshold criteria for com.pliance with ARARS 
According to the NCP, each altemative must meet the threshold requirements in order to be 
eligible for selection. Only after it has been determined that ARARS can be met and adequate 
protection of human health and the environment can be achieved is it appropriate to consider cost 
effectiveness. Altemative SP-3b meets the threshold requirements and is cost-effective. 

II. Lucky Lass - Scope of Reclamation 
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Comment: The Proposed Plan should be revised to eliminate the suggestion that a residential 
risk scenario is likely at Lucky Lass or that it is a basis for remedy selection. In situations where 
the govemment has quantified radionuclide levels for risk analysis, the level of radionuclides in 
Lucky Lass materials is lower than levels EPA has concluded in other contexts as acceptable for 
unrestricted, residential use. 

Response: The ROD includes the foUowing language: "There is no curtent residential use at the 
Site and the UkeUhood that the area would be used for residential use in the near future is smaU 
given the curtent land ownership and remote location of the Site. However, because of the long-
Uved radionucUdes (decay rate from days to 1000s of years) at the Site, the baseUne risk 
assessment evaluated potential risk under a residential use scenario which includes workers, 
recreational users (also used tp represent potential exposure to a trespasser), and residents." The 
Oregon Cleanup regulations, which are ARARs for the selection of response actions, require that 
the excess cancer risk be no greater than 1 x 10"* for each individual carcinogen, and therefore are 
more stringent than the NCP. These regulations form the basis for the selected remedy at Lucky 
Lass. 

Comment: By imposing institutional controls for the overburden pile and not indicating to the 
public that the whole area and offsite pose identical natural risks, the public would be mislead 
[sic] to believe that the overburden pile presents a unique elevated risk that nearby areas do not. 

Response: The remedial actions described in the ROD addressing the Lucky Lass mine area 
include removing soils containing arsenic and radium-226 that exceed protective levels for a 
recreational user and requiring institutional controls to restrict fiiture residential use of the 
stockpile material and prohibit groundwater use and weU driUing within the footprint of the 
StockpUe. 

Institutional controls may be used as a component of a remedy to prevent or Umit exposure to 
hazardous substances, pollutants, or contammants. Institutional controls, however, are npt 
intended to make a statement about on-site versus off-site conditions or risks. EPA doesn't 
expect that the pubhc will be misled by use of institutional controls as part of the remedy. The 
public may find information regarding the risks posed by the surtounding area by reviewing 
documents in the Administrative Record regarding the naturally occurring mineralization that is 
found throughout the surtOunding area of the White King/Lucky Lass Site. 

Comment: CERCLA Does Not Authorize the Government to Require Response Action for 
Levels of Substances That Do Not Exceed Naturally Occurring Levels. CERCLA has been 
interpreted and implemented in numerous ways [e.g., Remedial Investigation guidance, NPL 
delisting decisions, liability determinations, other federal agency practices, CERCLA Section 
104(a)(3) cmd (b)] to show that response actions addressing substances at naturally occurring 
levels are unwarranted and unauthorized. The Lucky Lass remedy should not be selected 
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without consulting the appropriate federal agencies and EPA Headquarters. 

Response: The White King and Lucky lass Mine Sites will be remediated because of arsenic 
and radium levels in overburden that exceed acceptable risk levels. Section ld4(a)(3) of 
CERCLA allows response actions in response to a release or threat of release of a naturally 
occurring substance in an altered form. At White King/Lucky Lass, the stockpiled materials 
contaming radionuclides and arsenic were created solely as a result of mining operations at the 
Site. Undismrbed soils at the Site were excavated and stockpiled for mming purposes. They are 
curtendy present at the Site in an altered form. The conditions at the Site are distinct from the 
examples posed in the com.ment. As provided under CERCLA, EPA is not taking response 
actions at the Site where any naturally occurring substance is located where it is naturally found 
and in its unaltered form or altered solely through naturally occurring processes or phenomena. 
With respect to consulting with EPA Headquarters regarding the remedy selected for the White 
King Lucky Lass Site, EPA has guidance clarifying when a site is appropriate for review by 
EPA's Remedy Review Board and the Site does not qualify for such review. However, EPA 
headquarters did review the draft Proposed Plan prior to the public comment period. 

III. Other Issues in Proposed Plan and Record 

Comment: The Proposed Plan should be revised in several respects for factual statements of 
Site history and the PRPs 

Response: The content and amount of detail in the ROD addressing PRPs at the Site is 
consistent with EPA guidance. Additional issues associated with determining the liabihty of 
PRPs is beyond the scope of the Proposed Plan and ROD. Likewise, it is inappropriate for the 
Response to Comments to go into legal details to respond to the hability arguments against other 
entities set forth in the KMC's comments. 

Comment: The Proposed Plan and other portions of ihe administrative record mention 
previous efforts to study the Site by the USFS. However, those efforts do not meet NCP 
requirements for data integrity or validity. 

Response: The Draft Environmental Impact Statement (DEIS) was prepared by the Forest 
Service to comply with the requirements of CERCLA and the National Environmental Policy 
Act of 1969 prior to EPA listing the site on the NPL. This results of this study were used, as 
appropiiate, to support Site characterization efforts and an overall understanding of the site. All 
data considered by EPA as a basis for selection of the remedy met NCP requirements for data 
integrity and validity, where such requirements applied. 

Comment: KMC requests that the White King Mine pH PRG be revised to the pH range from' 
6.0 to 9. Decreasing the lower limit ofthe PRG pH range from. 6.5 to 6.0 will not adversely affect 
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the aquatic environment at White King mine. 

Response: The applicable State surface water standard for the White King pond is found at 
OAR 340-41-922 and OAJR 340-41-925 (d) (B). These standards require the pH to be between 7 
and 9. It is currentiy unclear if this goal is achievable for the White King pond. The monitoring 
described in the ROD wiU assess the risks and feasibihty of environmental protection for the 
proposed beneficial uses (aquatic habitat). Once the beneficial use for the White King pond is 
firmly estabUshed and the pond neutralization is implemented EPA wiU re-evaluate the pH 
remediation level 

Comment: The Proposed Plan contains numerous other statements that should be corrected 
and that should not be used as a basis for choosing Altemative SP-3b. To the extent the proposed 
remedy is based on these mistakes,.the Proposed Plan should be reconsidered in light ofthe 
following corrections identified by quoting the Proposed Plan: 

Response: The comment is noted and v/here appropriate these cortections have been reflected in 
the ROD. However, such minor revisions do not impact the basis for selection of the remedy. 
Remediation goals for the pond sediment will be estabUshed after a period of monitoring and 
smdy as described in the ROD. Hiis action will be documented in an ESD or ROD amendment. 
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WMte Kiag/Liicky Lass Uraolum Mimes Cleasiop Prcyect 

FremoEt National Forest 
ger Dist 

Forest Plae AMeedmeist # 22 

This non-significant, site-specific amendment to the Fremont National Forest Land and Resource 
Management Plan (Forest Plan) creates a new Management Area 17 - White King/Lucky Lass 
Uranium Mines CERCLA Remedy. 

Emphasis - This MA 17 will emphasize protecting the integrity of the CERCLA Remedy for the 
White King/Lucky Lass Uranium Mines on the Lakeview Ranger District ofthe Fremont National 
Forest. (Section 12 of Fmal ROD) 

Goal - The goal wiU be to provide institutional controls needed to unplement the "Selected 
Remedy" as discussed in the Record of Decision - White King/Lucky Lass Site. (Section 12 of 
Fmal ROD) 

Discussion - This MA consists of approximately 240 acres around the White King and Lucky Lass 
Mines, including the White King pond. Uranium mining activities occurred at the White King and 
Lucky Lass Mines during the 1950s and 1960s and resulted in curtent Site conditions, including 
water-fiUed excavation pits (ponds) and stockpUed mineralized waste rock/materials. The Site was 
mcluded on the National Priorities List (NPL) in 1995, and includes both private property and 
National Forest System land. EPA, with Forest Service concurrence, selected a remedy for the Site 
pursuant to the Comprehensive Environmental Response, Compensation, and Recovery Act 
(CERCLA), 42 U.S. Code 9601 et seq. As discussed in the ROD, the remedy wiU excavate and 
consolidate the stockpiled material at the White King Mine, including portions of the stockpile at 
the Lucky Lass Mine. The consoUdated stockpile (referred to as the mine waste repository) will be 
capped with a two-foot soil and vegetative cover and wiU be located primarily on National Forest 
System land. The water-fiUed excavation pit at the White King Mine, which is also partiaUy 
located on National Forest System land, will be monitored and in-situ neutralization will be 
continued to maintain a neutral pH level. White King pond sediments will be monitored and 
further studied. Institutional controls will also be implemented. 

Prescriptions -
Mineral Entrv. 

Area will be withdrawn from mineral entry. The withdrawal includes 240 acres of 
federal lands specifically described as: 

T. 37S., R 18E.,WM 
Section 25: NW 1/4 NE'/4 

T. 37S.,R19E.,WM 
Section 30: NW VA NE '/A, NW VA SE VA, N V2 NW VA, and SE VA NW VA 
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Due to the anticipate! 100-year pius life-cycle of the mine -wsste repository, 'it 
would be expected that the 20 year mineral segregation established by Public Land Order 
(#6990) would be tother extended for additional 20-year periods. 

Prohibitions 
e Residential structures or use 
e Drinking water well drilling 
e Any permanent stmctures 
® Permanent recreation sites (e.g. campgrounds) and uses (e.g. swimming in White 

King pond) 
® Removal of stockpiled material 
® Agricultural activities 
e Any other use that would impact the integrity of mine waste repository and 

Lucky Lass stockpile, including grazing on stockpiles and off-road vehicle use 

Timber Harvest 
There is no scheduled timber harvest on tiiese lands. Harvest activities within this 

240 acres only be permitted that protect the CERCLA Remedy. 

Fire Suppression Needs 
Water from the White King and Lucky Lass ponds may be used for fire suppression 

needs under the foUowing constraints: 
« Use of the White King Pond is preferred over the Lucky Lass Pond 
© Water should only be removed from the deepest portions of die ponds 
© Care should be taken to avoid disturbing pond sediments when removing water from 

thepond(s) 

Access 
Access wiU be restricted by the presence of a fence or other physical barrier 

surrounding the White King pond and mine waste repository in order to prevent exposure to 
and dismption or use of the stockpUed materials and White King pond sediments. As 
discussed in the ROD, access restrictions at the White King pond may be eUminated in the 
future depending on success of neutraUzation and actions to address the risks associated 
witii the pond sediments while access restrictions at the Lucky Lass stockpUe wUl be short-
term only lasting untU completion of the remedial action. The fence should have gates that 
can be locked at all times. Waming signs wiU be posted every 200 feet along the 
fence/barrier stating the hazards, who to contact, and advising people not to remov^ or 
dismrb any of the stockpiled material. 

Adjacent Property Owners 

The adjacent property owners will be contacted annually to discuss the land use 
restrictions and potential future uses or property transactions that could affect this 
management area. 



I 
DetermlHiatlosi thst the F®rest Plan Amemdmesit Is N©t SignlfflcaEit Ueder 

Nati©ssal F®rest MaMagement Act (NFMA) 

I have determined that this is not a significant Forest Plan amendment under the NFMA 
implementing regulations [36 CFR 219.10(f)]. The following factors from Forest Service 
Handbook (FSH) 1909.12 were considered in this determination 

Timing - Identify when the change is to take place. Detemiine whether the change is 
necessary during or after the plan period (the first decade) or whether the change is to take place 
after the next scheduled revision of the forest plan. In most cases, the later the change, the less 
likely it is to be significant for the current forest plan. If the change is to take place outside the 
plan period, forest plan amendment is not required. 

This amendment is to be implemented immediately and wUl be necessary for the Ufe of the 
remedy — 100 plus years. This duration is needed to provide the institutional controls to 
implement the "selected remedy". 

Location and Size - Determine the location and size ofthe area involved in the change. 
Define the relationship ofthe affected area to the overall planning area. In most cases, the smaller 
the area affected, the less likely the change is to be a significant change in the forest pUm. 

This amendment only affects 240 acres out of the total forest acreage 1,198,301 acres. This 
is oidy approximately 0.02 per cent of the Fremont National Forest. (See attached Map from the 
Environmental Assessment for the Addition to the White King and Lucky Lass Uranium Mines 
Mmeral Witiidrawal, dated March 2001). 

Goals, Objectives, and Ontpnts -Determine whether the change alters long-temi 
relationships between the levels of goods and services projected by the forest plan. Consider 
whether an increase in one type of output would trigger an increase or decrease in another. 
Determine whether there is a demand for goods or services not discussed in the forest plan. In 
most cases, changes in outputs are not likely to be a significant change in the forest plan unless the 
change would forego the opportunity to achieve an output in later years. 

Because the project specific area is smaU (240 acres) relative to the total forest acres, the 
long-term relationships between the levels of goods and services wiU not be changed. 

Management Prescription - Determine whether the change in a management prescription 
is only for a specific situation or whether it would apply to future decisions throughout the 
planning area. Detennine whether or not the change alters the desiredfuture condition ofthe land 
and resources or the anticipated goods and services to be produced. 

The management prescription is only for the 240 acres. These prescriptions applied to this 
localized area will not affect anticipated forest wide goods and services to be produced. 
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Dase; September 28,200 i 

Mr. Charles E. Findley 
Acting Regional Administrator 
U.S. Environmental Protection Agency 
Region 10 
1200 6* Avenue 
Seattle, WA 98101 

Re: White King/Lucky L^ss Mine Site 

Dear Mr. Findley: • 

The United States Department of Agriculture Forest Service (Forest Service) concurs with the 
remedy selected in flie September 2001 Record of Dedsion (ROD) for the White King/Lucky 
Lass Siqjerfimd Site. A component of tiie ROD made effective by my concurrence is Fremont 
National Forest Plan Amendment #22, a copy of which is enclosed. The purpose ofthe Forest 
Plan Amendment is to protect the integrity of the remedy selected by the ROD, 

The Forest Seivice is pleased with the selection of a remedy that will protect human health and 
the environment. We look forward to a contmued cooperative and productive relatioEtship with 
the EPA and the state agencies during remedy implementation. 

Sincerely, 

HARV FORSGREN 
Regional Forester 

Enclosure 

Csrmg for the Lsnd snd Serving People Prtnisd on Rectrded Paoar 



John A. ICitzhaber, M,D., GoverBor 

September 26,2001 

Milce Gearheard 
Director of The Office of Environmental Cleanup 
U.S. Environmental Protection Agency, ECL-117 
1200 Sixtii Avenue 
Seattle, Washington 98101 

Depariment ©f Envkosimenlal Oiiality 
Eastern Region 

700 SE Emigrant 
Suite 330 

Pendleton, OR 97801 
(541) 276-4063 Voice/ITY 

FAX (541) 278-0168 

8EP28 2Q 
EiavkbEmeEtal Oeanup 0//-

Re: White King/Lucky Lass Uranium Mines Site 
Record of Decision 

Dear Mr. Gearheard: 

The Oregon Department of Environmental Quality (DEQ) has reviewed the draft Record of Decision, 
for the above referenced project. I am pleased to advise you that DEQ concurs with the selected 
remedy recommended by EPA. I find that this altemative is protective, and to the maxunum extent 
practicable balances the feasibility factors. Accordingly, it satisfies the requirements of ORS 465.315 
and OAR 340-122-040 and 090. 

It is understood that the White King Pond will be fiuther evaluated imder this Record of Decision. 
Additional decisions and requirements for the White King Pond may result fi'om this effort particularly 
with respect to protecting beneficial uses and with respect to potential sediment exposiues. DEQ is 
looking forward to working with EPA during design and implementation to resolve these issues. 

Ifyou have any questions conceming this matter, please contact the project manager, Mr. Brian 
McClure, with the Eastem Region Cleanup Program at (541) 298-7255 ext. 32. 

We look forward to the successfiil implementation ofthis remedy. 

/7X7 
Sincerely, 

)ni Hammorid 
Eastem Region Division Administrator 

.M 

JBH:BMc 
Cc: Terry Hosaka, DEQ 

i/̂ 'iW Adams, EPA 
DEQ/ER-iJyurt Burkholder, DOJ 
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September 26,2001 

Mike Gearheard 
Dhector of the Office of Environmental Cleanup 
U.S. Environmental Protection Agency, ECL-117 
1200 Sixth Avenue 
Seattle, Washington 98101 

Re: White King/Lucky Lass Uranium Mines Site Record of Decision 

Dear Mr. Gearheard: 

We have reviewed the draft Record of Decision, for the White King/Lucky Lass Uranium Mines 
cleanup project. The Oregon Office of Energy concurs with the remedy recommended by EPA. I find 
this altemative to be protective, as well as practical. I beheve it meets the requirements of the 
applicable disposal standards of the Oregon Energy Facility Siting Council contained in Chapter 345, 
Division 50. 

We understand that the White King Pond will be ftirther evaluated under this Record of Decision. 
Additional decisions and requuements for the White King Pond may result from this effort particularly 
with respect to protecting beneficial uses and with respect to potential sediment exposures. OOE is 
looking forward to working with EPA during design and implementation to resolve these issues. 

Ifyou have any questions conceming this matter, please contact me at 503.378.6469. We look forward 
to working with you and your staff on the final site cleanup. 

Sincerely, 

David A. Stewart-Smith, Administrator 
Energy Resources Division 

Cc: Mike Grainey, OOE 
Bill Adams, EPA 
Kurt Burkholder, DOJ 
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1.0 INTRODUCTION 

This document is the Remedial Design Workplan for the White King / Luck}' Lass Mines Superfund 
Site, near Lakeview, Oregon. This Workplan is prepared to describe the approach to be used in 
conducting remedial design activities by the White King / Lucky Lass Site Group, which consists of 
Kerr-McGee Chemical Worldwide LLC, (KMCW LLC). Westem Nuclear Inc, and Fremont Lumber 
Company ("Site Group"). 

1.1 Background 

The 'WHiite King / Lucky Lass Mines Superfund Site (Site) is located in south-central Oregon, 
approximately 17 miles northwest of Lakeview, Oregon (Figure 1-1), The Site consists of two former 
uranium mines, located within one mile of each other (Figure 1-2), Portions ofthe Site are within the 
Fremont National Forest, managed by the United States Forest Service (USFS), and portions are on 
private lands owned by Fremont Lumber and the Coppin family trust. 

Major feamres at the WTiite King Mine include the White King Pond (formed when water collected in 
an open-pit mine), the so-called "protore stockpile", and the "overburden" stockpile. Both stockpiles 
are actoally overburden material. The pit pond occupies approximately 13 acres and contains about 
80 million gallons of water. The two stockpiles contain a combined volume of almost one million 
cubic yards of material. 

Augur Creek runs south through the eastem side of the White King Mine area, and receives discharge 
from the WTiite King Pond. 

Major features at the Lucky Lass Mine include the Lucky Lass Pond and the overburden stockpile. 
This pond covers approximately 5 acres. The Lucky Lass overburden stockpile covers about 14 acres 
and contains approximately 260,000 cubic yards of material, 

1.1.1 Site History 

The "W^te King and Lucky Lass uranium deposits were discovered in mid-1955. The local 
individuals who made the discoveries conducted exploratory work and some mining. Mining began 
in earnest after Garth and Vance Thomburg leased both mines in September 1955, and then assigned 
those leases to Lakeview Mining Company (Lakeview Mining) in March 1956. 

Lakeview Mining began significant underground ore production in 1958 at the much larger White 
King Mine, In April 1959, Lakeview Mining converted the White King Mine to open pit mining. 
This conversion placed the overburden in its present stockpiled location and created the pit that 
became the White King Pond. Open-pit mining at the White King Mine continued until December 
1959. Open-pit mining commenced at the Lucky Lass Mine in 1956. 

Lakeviev,' Mining discontinued comjnercial operations at both mjnes by early 1960. After 1961, 
sporadic small-scale mining conducted by others continued at both mines through 1964. Exploration 
activities at the site occurred through the early 1980s. 

The Site was listed on the National Priorities list on April 25, 1995 as a Federal Facility, At the time 
of listing, the United States Environmental Protection Agency (EPA) stated, "The AEC oversaw 
mining operations," Remedial investigation and feasibility smdy (RI/FS) acti\'ities were conducted at 
the Site by Kerr-McGee Corp, from the summer of 1995 through 1999. 
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Kerr-McGee Corporation conducted a Remedial Investigation (RI) and Feasibility Study (FS) under 
Superfund procedures and guidelines pursuant to an Administrative Order on Consent, The RI Report 
was fmalized in 1997 (Weston, 1997) and the FS Report was finalized in 1999 (Weston, 1999a). 
Additional site reports are listed in the FS. The EPA issued a Record of Decision (ROD) on 
September 30, 2001, 

1,1,2 Prior Site Reports 

A Draft Environmental Impact Statement Remedial Investigatioru'Feasibility Study for the Cleanup 
and Rehabilitation ofthe WJiite King and Lucky Lass Uranium Mines (DEIS) was prepared by/for the 
United States Forest Service (USFS) in August 1991, and a revised DEIS was issued in 1994. Upon 
review of the 1994 DEIS-RI/FS Report, EPA determined that further investigation and analysis of 
remiedial altematives was needed to support a remedial action decision under CERCLA. Kerr-McGee 
Corporation conducted an RI and a FS under Superfund procedures and guidelines pursuant to an 
Administrative Order on Consent, The RI Report was finalized in 1997 (\Veston, 1997) and the FS 
Report was finalized in 1999 (Weston, 1999a), Additional site reports are listed in the FS. 

1.2 Purpose and Scope 

The purpose of this Workplan is to describe the process for engineering design associated with the 
remediation ofthe White King / Lucky Lass Mines Superfund Site. Specifically, this Workplan will 
describe administiative aspects ofthe design process, identify data needed to complete the design and 
the approach for obtaining these data, and discuss the deliverables that will be produced during the 
design process. 

This Workplan is primarily oriented toward the earthwork acti\aties at various locations around the 
Site as described in the ROD (EPA, 2001), 

L3 Design Objectives 

The ROD listed remedial action objectives (RAO) for both the AVhite King and Luck Lass areas. 
These RAOs are: 

• Reduce exposure to stockpiles and contaminated off pile soil. 
• Reduce and eliminate the release of contaminants from soils to groundwater or surface water 

to protect for beneficial uses. 
• Prevent removal or use of overburden soils. 
• Prevent direct contact with contaminated soils at Lucky Lass. 
• Prevent future use of stockpile soils with contaminant concentiations in excess of protective 

levels. 

To meet those RAOs, the remedial design (RD) objectives for this project are: 

• Recontour the White King protore stockpile so that it is no longer within the Auger Creek 
floodplain. The ROD estimates that this will require moving approximately 138,000 cy 
of stockpile soil. 

Excavate the AVhite King Mine haul road, a portion of the Lucky Lass stockpile, and 
certain off-pile areas where there is evidence of mine-related waste above cleanup levels, 
and place these materials on the recontoured protore stockpile. The areas and quantities 
to be excavated will be determined by the off-pile sun'ey described in this workplan. 
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e Excavate the White King overburden stockpile, which consists predominantly of clay- .. 
like material, and place it on the recontoured protore stockpile to form, a low-permeability 
layer. The ROD estimates approximately 465,000 cy of will be excavated, 

e Place 18 inches of cover soil and 6 inches of topsoil on the consolidated stockpile surface 
sufficient to support vegetation, and seed the topsoil surface, 

« Place 3 inches of topsoil and reseed those areas where soil has been removed. 

Other objectives of the design process will be to recommend appropriate institutional and physical 
access contiols for both V/hite King and Lucky Lass to prevent undesirable uses. 

1.4 Sumtcary of Existing Data and CoEcIusions 

The primary sources of existing data and conclusions are the RI Report (Weston, 1997) and the FS 
Report (Weston, 1999a), Selected relevant information is summarized below at a ievel of detail to 
place the additional data needs described in Section 3 in context. 

1.4.1 Soils 

In the ROD, the EPA selected soil cleanup levels for the following indicator constituents of concem 
(COCs): arsenic (As) and radium-226 (Ra-226). For the White King Mine, these cleanup levels are 
442 mg/kg for arsenic and 6.8 pCi/g for Ra-226. For the Lucky Lass Mine, these cleanup levels are 
38 mg/kg for arsenic and 3,6 pCi/g for Ra-226. The EPA determined that use of these indicator 
parameters provides sufficient cleanup of other COCs. 

The FS (Weston, 1999a) provided a number of figures summarizing RI sampling results; several of 
these figures are provided in Appendix A of this workplan. Arsenic concentiations (surface and 
subsurface) for the Site are shown on FS Figures 1-7 and 1-8, Ra-226 concentiations for the Site are 
shown on FS Figures 1-9 and 1-10, • 

Based on RI data, the mine-related waste materials are primarily in the three stockpiles (two at the 
White King Mine and one at Lucky Lass), Some additional mine-related wastes may be present 
outside of these stockpiles, 

1.4.2 Natorally Occurring Mineralization 

A series of letter reports were prepared by Kerr-McGee Corporation and Weston addressing the issue 
of background levels (natural soil concentiations) at the Site. The Site is located in the Lakeview 
Uranium Distiict along with numerous other uranium occurrences and prospects (i.e., potential areas 
where ore could still be found). In many cases, surface expression of uranium mineralization led to 
the discovery of these occurrences and prospects. As a result of natural soil formation processes, 
soils in the xdcinity of uranium mineralization may contain levels of uranium-series radionuclides and 
other associated elements reflective of these occurrences and prospects today at locations which have 
never been affected by placement of overburden or its weathering. 

The letter reports prepared by Kerr-McGee and Weston documented the levels of arsenic and Ra-226 
in a variety of soil, rock, and sediment samples in the general vicinity of the Mines Site. More 
specifically, the reports document elevated levels of arsenic and Ra-226 in White King meadow soils 
that are likely naturally occurring. Arsenic levels up to 1,570 mg/kg and Ra-226 levels up.to 9.9 
pCi/g have been identified in White King Meadow soils. These values represent the upper end ofthe 
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range of natorally occurring soil background levels, based upon current information. Therefore, even 
though the levels identified by Kerr-McGee and Weston were not used by EPA to set cleanup levels 
within the piles, these data are still-relevant for identification of off-pile mine-related waste. 

Means of identifying natural mineralization are described in Section 3. 

1.4.3 V^ îte King Stockpiles 

The physical properties of soils in both Wliite King stockpiles were evaluated as part of the FS 
(Weston, 1999a), Laboratory test results are reported in the Treatability Study (Appendix A ofthe 
FS), and additional laboratory and field test results for the "overburden" stockpile are presented in the 
Material Handling Report (A-ppendix B ofthe FS). 

Mineralogical analysis concluded that the materials in both stockpiles are essentially the same, and 
this conclusion is supported by geotechnical index tests (FS Appendix A, Section 4), On this basis, 
testing results for the "protore" stockpile are considered applicable to the "overburden" stockpile. 

Existing data pertinent to remedial design is discussed in Section 3 and is briefly summarized here. 
Of particular relevance for remedial design is the permeability ofthe clay-like materials. Hydraulic 
conductivity was measured on undisturbed samples from the "protore" and "overburden" stockpiles 
and from test pads constructed to evaluate soil placement methods. The results are shown on Figure 
3-2, plotted against the initial moisture content and density of the test specimens. These results 
indicate that the stockpile soils can achieve relatively low permeabilities over a wide range of 
moisture and density conditions. 

Natural moismre contents for both stockpiles are also shov,Ti on Figure 3-2. Note that these data are 
plotted along a line corresponding to 75%.relative density, solely for convenience to show these data 
on the same graph. These data indicate that the soil miaterials in the overburden stockpile in their 
existing moisture condition should be able to achieve permeabilities on the order of 10"' to 10'̂  
cm/sec when excavated and recompacted on the consolidated stockpile. Furthermore, it can be 
assumed with a high degree of confidence for design purposes that these permeability values 
represent the upper limit of the undisturbed, in-place stockpile soils. 

As part of the material handling study, an excavation and placement demonstiation was performed 
using scrapers and sheeps-foot compactors. This acti\'ity showed that the overburden stockpile soil 
was workable just as it came from the pile, and could be effectively placed and compacted with 
standard constmction equipment, 

1.4.4 Lucky Lass Stockpile 

The physical (i,e,, geotechnical) properties of the Lucky Lass stockpile have not been investigated. 
Based on field observations duiing the June 18, 2003, site visit it is reasonable to assumie that they 
will be generally similar to those ofthe White King stockpiles. Because all but a smaall percentage of 
these soils have COC levels below the selected soil cleanup levels, the volume of soil.that is 
anticipated to require removal from this stockpile is relatively small. Consequently, only a minor 
characterization of the physical properties of this material is planned. 

With respect to COCs, the RI in Section 4.3,3 notes that the Lucky Lass stockpile has "significantly 
less" concentiations of metals than the White King stockpiles, and concludes that "the Lucky Lass 
stockpile contains very small amounts of radionuclides and metals," The ROD summarizes these 
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results in Table 5-3, indicating that the highest concentiation of arsenic in the stockpile was H;9 
mg/kg measured at the surface, while the average concentiation from depths of 2,5 to 10 feet was. 3.7 
mg/kg. For Ra-226, the highest individual surface mieasuring was 4,85 pCi/g (see FS Figure 1-10 in 
A.ppendix A) and at depth, 8.3 pCi/g (see FS Figure 1-10 in Appendix' A), As listed in Table 5-3, Ra-
226 had an average activity of 2,0 pCi/g from depths of 2,5 to 10 feet. 
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2.0 REMEDIAL DESIGN MANAGEMENT 

2.1 Project Organization and Key Personnel 

The White King / Lucky Lass Site Group has retained Golder Associates Inc, (Golder), the U,S, 
operating company of Golder Associates, to perform the remedial design and supporting studies for 
the Site, Golder Axssociates is an intemational group of employee-owned, consulting engineering 
companies specializing in the technical fields of site remediation, environmental engineering, soil and 
rock engineering, engineering geolog>', and hydrogeology, Golder Associates is one ofthe world's 
leading mining consultants, with extensive experience in mine site remiediation. This project will be 
staffed primarily out ofthe Golder Redmond, Washington, office. Over 100 technical professionals 
are resident in this office, supported by full CADD, GIS, and other design support personnel. 
Additional sediment smdies described in the White King Pond and Augur Creek Study Workplan will 
be supported by specialists from Golder Associate's Calgary and Saskatoon offices. 

The key personnel for this project are shown in the project organization chart (Figure 2-1), Resumies 
of key personnel are provided in Appendix B, 

2.2 Remedial Design Deliverables 

The remedial design process will involve a number of deliverables. Draft documents will be , 
submitted to EPA, USFS, Oregon Department of Environmental Quality (ODEQ), Oregon Office of 
Energy (OOE), and (if an appropriate contact is identified by the U,S. govemment) the U.S, 
Department of Energy (successor to the Atomic Energy' Commission) for review. Once all comments 
have been received in -wTiting from those agencies that elect to submit comments, the SiteGroup will 
provide appropriate responses to the comments. These responses will be discussed with the agencies 
in a telephone conference or, if deemed necessary, a meeting at the EPA's office in Seattle, 
Washington. Upon completion of the comment resolution process, the draft documents will be 
revised incorporating agreed-upon changes. This workplan satisfies the initial tasks EPA has set out 
in overall work for the Site. 

Documents will be submitted at several points during the design process, following the schedule in 
Section 2.3. , These include the 30% Design, Prefinal Design, and Final Design, Because various 
documents depend on each other, they will be at differing stages of completion during each phase of 
the design process. However, by the end of the remedial design process, the following specific 
deliverables will be prepared: 

2.2.1 Field Investigation Report 

The Field Investigation Report will describe sampling methods, sample locations, and results of the 
field investigation activities described in this workplan. An outline ofi this report is provided in 
Axppendix C, 

2.2.2 Design Report 

The Design Report will describe the features of the remedial design- in detail, and will serve as an 
umbrella document for the drawings, specifications, and other construction documents. The Design 
Report will describe each major feature ofthe remedial activity, and indicate how the design satisfies 
the requirements ofthe ROD. Key design calculations will be included as an appendix. An outiine of 
the Design Report is included in Appendix D, 
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2.2.3 Design Drawings 

Constmction drawings suitable for bidding will be prepared. Drawings will be D size (34" x 22"), 
which allows for reduction to half-size at 11" x 17" for review purposes, 

A preliminary list of constmction drawings is shown in Table 2-1, This list was developed based on 
project requirements and qur experience with work of this t}'pe, and includes the critical elements 
typically required. This list miay change as the project evolves, 

2.2.4 Technical Specifications 

Techmical specifications suitable for bidding will be prepared in Constmction Specifications Institute 
(CSI) 3-part format. To the extent practical, these will incorporate existing specifications prepared by 
Golder, the U,S, Army Corps of Engineers, and other entities. For standard project requirements, 
particularly Division 1 (Administiative) sections, we will use existing material from the Site (jroup. 

A preliminary list of Technical Specifications is shown in Table 2-2, This list was developed based 
onproject requirements and experience with work ofthis type, and includes the critical elements that 
are typically necessary. This list m.ay change as the project evolves, 

2.2.5 Draft Constmction Oualitv^ Assurance Plan 

A draft Constmction. Quality Assurance (CQA) Plan will be prepared. This plan will establish the 
testing and observation requirements that would be needed during remedial construction. It will also 
address responsibility and authority, persormel qualifications, documentation, changes and 
clarifications, and other administiative requirements. An outline of the CQA Plan is presented in 
Appendix E. 

2.2.6 Draft Inspection. Monitoring, and Maintenance Plan 

A draft Inspection, Monitoring, and Maintenance (IM&M) Plan will be prepared. This plan will 
establish inspection procedures for the consolidated stockpile, revegetated areas, diversion ditches, 
fences, and other permanent project features. Maintenance procedures will be established in general 
terms for various adverse conditions. The IM&M Plan will also include a Water Quality Monitoring 
Plan for surface and groundwater and supporting documents such as field sampling and laboratory 
analysis plans. The IM&M Plan will establish inspection and monitoring frequencies for all 
activities, and will address reporting requirements, 

2.2.7 Capital Constmction and XN-I&M Cost Estimate 

A cost estimate for capital constmction and IM&M acti\ities will be prepared and submitted as part 
ofthe design documents, 

2.3 Schedule 

The proposed schedule for remedial design work is provided in Figure 2-2. 
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Table 2-1. Preliminary List of Construction Drawings 

Drawing Title 
Cover Sheet 
General Notes and Symbols 
Site Featares 

Sun'ey Confrol 
Existing Topography - Lucky Lass Stockpile 
Existing Topography - White King Overburden Stockpile 
Existing Topography - Protore Stockpile 
Off-Stockpile Soil Removal Plan 

Final Grades - Lucky Lass Stockpile 
Final Grades - White King Overburden Stockpile Area 
Final Grades - Consolidated Stockpile 
Consolidated Stockpile Sections and Details 
Access Roads - Plan 
Access Roads - Profiles 
Access Roads - Sections and Details 
Erosion Contiol - Plan 
Erosion Contiol - Details 
Surface Water Management Plan - Lucky Lass Area 
Surface Water Management Plan - White King Area 
Surface Water Management Details 
Subsurface Interceptor Trench 
White King Pond Highwall Seeps 
Restoration Area Plan 

Fencing Plan 
Fencing Details 

Comments 
Include project location map 

Include limits of work, stockpile 
identifications, laydown areas 
Show existing m.onumentation 
Indicate removal area 

Areas and depths,, with control 
points; include haul road 

Ifrequired 
Plan and Details, ifrequired 
Grading / seeding requirements for 
specific areas, may require several 
sheets, may include topsoil borrow 
area 
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Table 2-2, Preliminary List of Technical Specifications 

Section No. 
01010 

01050 
01060 
01100 
01300 

01400 
01510 
02110 
02220 

02270 
02505 
02830 
02930 

Title 
Sumimiary of Work 

Surv-eying 
Health and Safety 

Environmental Protection 
Submittals 

Qualitj' 
Temporary Facilities 

Clearing and Gmbbing 
Earthworks 

Erosion Confrol 
Access Roads 

Fencing 
Restoration 

Comments 
Include constmction sequence and 
schedule 

, 
Reference H&S Plans 
Include permit conditions 
Include project record requirements, as-
builts 
Reference CQA Plan 

Excavation, placement, borrow sources, 
stockpile management for all soil 
materials, including overburden, existing 
stockpile soil, clay cover, clean cover soil, 
armor rock, ditch lining 
Cross-reference 01100 
Include surface course, culverts 

Regrading, positive drainage, seeding 
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3.0 DATA'NEEDS AND FIELD SAMPLING PLAN 

This section identifies the data needed for remedial design, and describes the data quality objectives 
(DQOs), field procedures and anal}'tical methods that will be used to obtain these data. The Quality 
A.ssurance Project Plan (QAPP) is provided as Appendix F, 

3.1 Gamma Radiation Correlation to Ra-226 Concentrations 

3.1.1 Problem Statement 

What are the correlations for differing site areas between Ra-226 concentiations (pCi/g) and gairima 
radiation detected by the gamma survey instmmentation? 

3.1.2 Identification of Decision 

In.order to perform the gamma radiation survey (Section 3,2), it is first necessary to determine' the 
site-specific conelations for differing site areas between Ra-226 concentiations (pCi/g) and gamma 
radiation detected by the gamma survey instramentation (Ludlum Model 2221 or equivalent). The 
correlation smdy will allow determination of Ra-226 concentiations from gamma survey data. 

Separate correlations will be .developed for different areas that will be included in the gamma sun'ey 
(Section 3,2), These will include: 

• White King area soils from near the base of the protore stockpile 

• White King area soils from the middle of the meadow (between protore stockpile and the 
haul road) • 

• Areas adjacent to Augur Creek between the two White King stockpiles 

• Lucky Lass soils from near the base of the Lucky Lass stockpile. 

If field observations during the correlation work indicate that other areas have significant potential, in 
the opinion of the field personnel, to have different gamma correlations from the above areas, then 
additional correlations may be developed for these areas, 

3.1.3 Sampling and Analvsis Program 

The procedures in this section will be repeated for each correlation to be developed. 

The correlation target area will be divided into 10-meter-square subareas. Soil samples will be 
obtained from 10 of these subareas, selected at random. Approximately equal soil quantities will be 
obtained from each subarea, such that the total soil volume will fill a container at least 4 ft diameter 
and 8 inches deep. The soil will be hom.ogenized as it is placed in a container on-site using a portable 
cement mixer or equivalent. The gamma sun'ey instmment will be placed a fixed distance above the 
center ofthe container for a minimum of 10,000 counts, and the measurement recorded. 

In addition, a separate container of approximately the same dimensions will be filled with clean sarid. 
This container will be placed in at least three (3) varying locations from the nearest stockpile. For 
each location, the gamma survey instrument will be placed above the center of the container for a 
minimum of 10,000 counts, and the measurement recorded. 
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"The boundary ofthe Augur Creek correlation area will be 10 meters on either side ofthe edge ofthe 
creek along its length within the VvHiite King area (see Figure 3-1), 

The boundaty between the "near stockpile" and "meadow" correlation areas at White King will be 
determined in the field using professional judgment based on field obsen'ations of the soil materials 
and on the results ofthe sand container measurements. The intent will be to divide the areas such that 
significant radioactive "shine" effects from the piles are restricted (to the extent practical) to the "near 
stockpile" conelation area. However, the "near-stockpile" area will be at least 10 meters wide along 
the base ofthe stockpiles," 

Seven (7) samples ofthe homogenized soil will be obtained for chemical analysis fromi different 
locations within the container. The samples will be sent to a qualified commercial laboratory for 
analysis. The samples will be analyzed by gamma spectioscopy for Ra-226, thorium-232 (Th-232), 
potassium-40 (K-40), and their degradation products. 

Using the calibration procedure in Appendix G, the gamma survey instrument will be calibrated 
before the survey measurements using 10 pCi/g Ra-226 calibration blocks traceable to the National 
Instimte of Standards and Technology (NIST) and using blank (0 pCi/g) blocks. 

During the fieldwork, daily checks will be performed using the check procedures in Appendix G. 
The daily checks serve, to verify that fhe gamma equipment is performing within acceptable 
tolerances, 

3.1.4 Smdy Boundaries 

Conelations will be developed for site soils within the gamma radiation sun'ey smdy boundaries (see 
Section 3,2.4), 

3.1.5 Decision Rule 

For each correlation to be developed: 

1. The average (mean) and standard deviation ofthe Ra-226 concentiations for the soil 
samples will be averaged. 

2. Outliers will be considered values that differ from the mean value by more than 3 
standard deviations. 

3. The average and standard deviation will be recalculated without outliers, and outlier 
rejection repeated until there are no outliers. 

4. A linear correlation will be determined using the average Ra-226 concentiation ofthe 
soil samples (after outlier rejection), the associated field gamma radiation 
measurements, the calibration block measurements, and (if necessary) the 
sand/background measurement. 

If two correlations appear very similar, then the data wil] be analyzed using the t-test viith the null 
hypothesis at the 95% confidence inten'al that the two data sets are statistically not different. If 
appropriate based on this analysis, a single correlation may be developed to use for both areas. 
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The minimum detectable activity (minimum detectable Ra-226 concenfration) will be detennined for 
each soil area in conformance with NRC Reg. Guide 4.14, The correlation will be considered usable 
if the minimum detectable Ra-226 concenfration is below the applicable cleanup level, 

3,1.6 Decision EiTor Limits 

The decision error limits are the statistical criteria in the decision mle, 

3.2 Off-Pile Survey 

3.2.1 Problem Statement 

What "off-pile" areas (areas outside of existing mine waste stockpiles) contain mine-related v/aste 
(not namral mineralization) requiring removal to the consolidated stockpile? These materials are 
present outside ofthe stockpiles either hy placem.ent during mining or by erosion from, the stockpiles. 

3.2.2 Identification of Decision 

The ROD specifies that mine waste materials away from the stockpiles at the VvTiite King and Lucky 
Lass mine sites that exceed cleanup levels are to be removed and placed on the consolidated 
stoclqDile. Results of the gamma radiation sun'ey will be used in remedial design to determine extent 
of off-piles soils to remove to the consolidated stockpile. 

3.2.3 Sampling and Analvsis Program 

The gamma survey instmment will be calibrated before the survey measurements using the 
calibration procedure in Appendix G. During the fieldwork, daily checks will be performed using the 
check procedures in Appendix G. The daily checks serve to verify that the gamma equipment is 
performing within acceptable tolerances. 

Survey measurement locations will be determined using global positioning system (GPS) equipment. 
The GPS calibration and operations procedures in Appendix H will be followed. 

The survey will be conducted along approximately parallel lines extending perpendicularly away 
from the three existing stockpiles. For Augur Creek, survey lines will approximately parallel Augur 
Creek, The Augur Creek survey area will extend 10 meters from each edge ofthe creek. Where 
stockpile survey lines and Augur Creek survey lines intersect, the Augur Creek lines will be followed 
for the survey. The parallel lines will be approximately one (1) meter apart. The survey personnel 
will walk with the gamma survey instrament at a speed of 1-2 miles/hour (detemiined using GPS). 
The instramentation will automatically record the location, date, time, and count-rate every 2 seconds. 

Each line will be extended until the measurements indicate that the soil consistently meets'the cleanup 
level, based on the applicable correlation developed as described in Sectiion 3.1 

3.2.4 Smdy Boundaries 

The sun'ey will begin at the edges of the existing two White King stockpiles and the Lucky Lass 
stockpile and extend out radially until the data indicate that soils meet the applicable Ra-226 cleanup 
levels. The survey will also extend 10 meters on either side of Augur Creek in the vicinity ofthe two 
existing White King stockpiles. In addition, two clearing areas potentially impacted by mining 
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(shown on Figure 3-1) will be included in the survey. The maximum areai extent expected for the 
gamma survey is shown on Figure 3-1. 

3.2.5 Decision Rule 

Off-pile areas with soils above the applicable Ra-226 cleanup levels will be determined based on the 
gamma radiation survey results. The gamma survey data will be converted to pCi/g for comparison to 
Ra-226 cleanup levels using the applicable site-specific correlation (see Section 3.1), 

Prior to the sun'ey, the sun'ey areas will be subdivided using 10-meter-square grids (100 m' 
subareas) and documented on topographic maps. The sun'ey data will be imported into a graphic 
information system (GIS), The GIS will then be used to calculate the gamma count averages ofthe 
10-meter-square grids. If the grid average exceeds the applicable cleanup level, then the entire grid 
area will be considered for removal. In addition, if the average of any 30 adjacent measurements 

• exceeds thoree (3) times the applicable cleanup level, then tJie area represented by those m.easurem.ents 
will also be considered for removal, "Considered for removal" means that the design will determine 
the extent of soil to remove within each affected grid area such that, after removal, all ofthe affected 
grid areas will meet the cleanup level. For relatively uniform contamination, this m.eans that soi! •vsill 
be removed from the entire grid area. However, if the grid contains a localized "hot spot", then 
removal ofthe "hot spot" may be sufficient to achieve the cleanup goal." 

It is expected that some- namral mineralization will be encountered in the survey areas. Material 
outside the stockpiles will be considered natural mineralization, and not mine-related waste to be 
removed, if: . 

• The material is visually distinct from surrounding soils and extends more than one foot 
below the ground surface, or 

• The material is visually distinct from stockpile soils and is not part of a pattem of 
elevated radioactivity extending from a stockpile (i.e,, the evidence is that the material 
did not erode from a mining stockpile), 

3.2.6 Decision Error Limits 

The decision error limits are the statistical criteria in the decision rale. 

3.3 Geotechnical Data Collection - General Procedures 

Much of the geotechnical data required' for design will be obtained by excavating test pits and 
collecting bulk samples. The general procedures for these activities will be the same regardless ofthe 
purpose ofthe investigation, and are as follows. 

Test pits will be excavated to depths up to about 15 feet using a rabber-tired backhoe. Samples will 
be collected and test pits logged (including photographs) by Golder persormel in accordance with 
Golder Procedures TP 1,2-21 Geotechnical Test Pit Logging & Sampling and TP 1,3-1 Geologic 
Mapping of Soils Exposed in Test Pits (in Appendix I), Number and locations of test pits are 
described in the following sections. In all cases, if the acmal conditions appear to vary significantly, 
the number of test pits may be increased. Test pits will be located in a uniform disfribution 
throughout the investigation area, subject to local access and other factors. Upon completion, all test 
pits will be backfilled and then flagged for location with GPS sun'ey equipment. Test pits will also 
be documented photographically. 
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Bulk samples for geotechnical testing will be collected in 5-gallon buckets; samples for moistare 
content testing will be collected in small plastic jars. Samples for chemical analysis will be collected 
in accordance with Golder Procedures TP 1,2-18 Sampling Suiface Soil for Chemical Analysis and TP 
1,2-23 Chain of Custody (in Appendix I), Bulk samples may be collected from soil excavated from, 
test pits or by,hand-shovel excavation, 

3.4 Volumes for the Consolidated Stockpile 

3.4.1 Problem Statement 

What are the volumes of material that will be added to the existing protore stockpile to form the 
consolidated stockpile? This information will be required to prepare grading plans for the 
consolidated stockpile, 

3.4.2 Identification of Decision 

The problem will be addressed by estimating the following quantities df soil materials: 

9 Volume ofthe White King "overburden" stockpile, 

• Volume of the portion of the AVhite King "protore" stockpile to be moved out of the 
Augur Creek floodplain, 

« Volume ofthe haul road, 

• Volume of AVhite King off-pile soils to be moved to the consolidated stockpile. 

• Volume of Luckj' Lass off-pile soils to be moved to the consolidated stockpile, 

» Volume of the Lucky Lass stockpile to be moved to the consoHdated stockpile. 

3.4.3 Sampling and Analysis Program 

This information will be developed based on: (1) volume analyses based on topographic data 
developed in 2000, and (2) the results ofthe off-pile survey described in Section 3.2. 

3.4.4 Smdy Boundaries 

The features that will be evaluated to calculate the consolidation volumes are identified on Figure 3-1 
and Drawing 2 in Appendix J. 

3.4.5 Decision Rule 

The pre-concepmal design (Appendix J) suggests that the proposed footprint for the consolidated 
stockpile has a capacity' approxim^ately 20% greater than the presently identified requiremients. 
Therefore, if the upper limit of the estimated volumes is within this 20% factor, the capacity of the 
consolidated stockpile will be considered adequate for the project. The design will indicate that the 
upper portion ofthe pile will be developed only as required, and the design will include requirements 
for grading and drainage to be applied at the final elevation. 
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3,4,6 Decision Error Limits 

Volumes measured from the 2000 topographic data will be calculated using the average end area 
method with AutoCAD, The uncertainty of these calculations is typically 5% or less, 

3.5 Consolidated Stockpiie Shear Strength 

3.5.1 Problem Statement 

What is the shear sfrength ofthe combined soils? This information will be required for slope stability 
analyses during design, to ensure that the proposed side slopes will be stable, 

3.5.2 Identification of Decision 

If the proposed side slopes on the consolidated stockpile do not exhibit adequate stability, the slopes 
will be reduced to obtain acceptable stability, 

3.5.3 Sampling and Analvsis Program 

Minimum shear sfrength parameters will be calculated by back-analysis of existing stockpile slopes, 
which have been stable for at least 40 years, based on visual observations during the June 18, 2003, 
site \isit, 

3.5.4 Smdy Boundaries 

The steepest slopes in the existing protore, overburden, and Lucky Lass stockpiles will be analyzed to 
estimate minimum shear stiength parameters. 

3.5.5 Decision Rule 

Slope stabilitiy' will be considered acceptable if a factor of safety of 1,5 or greater is obtained using 
standard, industry-accepted analysis methods. 

3.5.6 Decision Error Limits 

The lowest calculated shear sfrength values will be used in the stability analysis of the consolidated 
stockpile. The minimum factor of safety of 1.5 reflects industry practice to accommodate uncertainty 
in material properties and other factors. 

3.6 Consolidated Stockpile Compaction Characteristics 

3.6,1 Problem Statement 

Two closely related questions are: 

What are the compaction characteristics ofthe combined soils? 
What is the existing moisture content ofthe combined soils? 

This information will be required to prepare the specification for soil placement and to provide data 
for potential bidders, respectively. 
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3.6.2 Identification of Decision 

Soil permeability is related to the degree of compaction and the moismre content during compaction. 
There are no explicit permeability requirements in the ROD for soils placed in the consolidated 
stockpile, only the description that they will form a "low permeability layer" (ROD Section 12.2.1, 
second bullet, page 12-3), The attenuation modeling described in the Treatability Study (TS, Weston, 
1999, Final Feasibility Study, Volume II, A.ppendix A: Treatability Study - Characterization and 
Leachabilit}' of Stockpiled Materials), which indicated negligible impacts to dowT^gradient 
groundwater from stockpile leaching (TS page 1-2), assumed a hydraulic conductivity value of 1 x 
10"* cm/sec for stockpiled soils (TS Table 3-9), This value is therefore considered the target 
hydraulic conductivity for soils placed in the consolidated stockpile, 

3.6.3 Relevant Existing Data 

Data on the relationship between hydraulic conductivity and compaction, as well as natioral m.oismre 
content, was obtained for both the Treatability Study and the Material Handling Report (MHR, 
Weston, 1999, Final Feasibility Study, Volume II, Appendix B: Material Handling Report). These 
data are summarized in Table 3-1. 

The hydraulic conductivity results indicate that the soils from both stockpiles achieved the target 
permeability over all moismre and density conditions tested. The data also indicate lower 
permeability values at higher moisture contents, as expected for clayey soils. The namral moisture 
content data indicates that no moismre conditiloning will be required during construction, provided 
that the construction methods do not cause excessive wetting or drying. 

Table 3-1. Existing Hydraulic Conductivity Data 

Relative Density^'^ 
Protore Stockpile 

90% 
95% 

Overburden Stockpile 
90% 
95% 

Test Pads 
80% 
84% 
86% 

Relative 
Moisture^"' 

-2% 
+2% 

-2% 
+2% 

+22% 
+16% 
+10% 

Hydraulic 
Conductivity 

(cm/sec) 

4x 10"' 
2x10"' 

1 X 10"* 
. 8x10"' 

3x10"' 
1x10"' 
5 X 10""' 

Reference 

TS Table 4-1 
TS Table 4-1 

TS Table 4-1 
TS Table 4-1 

MHR Attachment C Table l''^ 
MHR Attachment C Table 1̂ ''' 
MHR Attachment C Table 1̂ '̂  

(a) Relative to maximum dry density determined in accordance with ASTM D1557. 
(b) Relative to optimum moisture content determined in accordance ^nth ASTM D1557. . 
(c) Relative density and moisture calculated using compaction curves in MHR Attachment C, Plates 2, 12, and 

9, respectively. 

Natural moismre contents are summarized in Table 3-2: 
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Table 3-2. Existing Natural Moisture Content Data 

Natural Moisture Content^^' 
Protore Stockpile 

+12% 
+12% 
+8% 

+11% 
+5% 
+8% 
+ 10% 

Overburden Stockpile 
+11% 
+14% 
+15% 
+28% 
+19% 
+9% 
+7% 
+17% 
+8% 

Reference 

TS Table 4-1 
MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 

TS Table 4-1 
MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 

(a) Relative to optimum moisture content determined in accordance with ASTM D1557, 
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The data in Tables 3-1 and 3-2 are plotted on Figure 3-2. These data are plotted along a line 
corresponding to 75%i relative density solely for convenience to show fhese data on the same graph: 
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Figure 3-2. Existing Permeability, Compaction, and Moisture Content Data 
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3.6.4 Sampling and Analysis Program 

The Haul Road area requires additional geotechnical characterization for design purposes. Bulk soil 
samples will be collected from the Haul Road at three locations, near each end and in the center. As 
part of this process, test pits will be excavated through the Haul Road into the underlying soils to 
.determine the thickness of the Haul Road and the namre of the subgrade soils. Test pits will be 
terminated when firm native soil or rock is encountered or fhree feet below the base ofthe Haul Road, 
whichever is less, 

3.6.5 Smdy Boundaries 

This data need applies to "clay-like" soils that will form the upper portion of the consolidated 
stockpile. There is a large volume of clay-hke material in the protore and overburden stockpiles 
(557,000 cy; MHR Table 3-1) which has been demonstrated to meet the permeabihty requirement. 
This material occurs at the lower elevations of each stockpile (MHR Figures 3-1 through 3-6), and 
consequently the soil placement sequence M'ill be defined as follows in order to ensure that the.clay­
like soil is placed in the upper part ofthe consolidated stockpile: 

« First phase of soil placement: off-pile areas. Lucky Lass Stockpile local areas, upper 
coarser-grained layers of overburden stockpile, and that portion of the protore stockpile 
to be removed. 

e Second phase of soil placement: remaining portion of protore stockpile to be removed 
and remainder of overburden stockpile. 

At the present time, the only soil removal area that is not adequately characterized for design 
purposes is the Haul Road. The approach for determining the removal sequence for this material is 
described in the following decision rule, 

3.6.6 Decision Rule 

Index properties for materials that hydraulic conductivity testing indicated had acceptable 
permeability are summarized in Table 3,3. 

The properties in Table 3-3 typically correlate with penneability. Soils from the Haul Road will be 
sampled and tested for percent fmes (ASTM D1140) and Atterberg limits (ASTM D4318). If the 
results of these tests fall within the range of data presented in Table 3-3, or exhibit higher plasticity 
and fines content, the soil may be placed at any location in the consolidated stockpile, and 
consequently, may be removed at any time during remedial action. 
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Table 3-3. Geotechnical Index Properties 

Percent Fines^'' 
Protore Stockpile 

39 

Overburden Stockpile 
39 

Test Pads 
77 
58 
52 

Liquid Limit 

69 

73 

90 
75 • 
69 

Plastic Limit 

21 

23 

33 
29 
33 

Plasticity 
Index 

48 

50 

57 
46 
36 

Reference 

TS Table 4-1 

TS Table 4-1 

MHR Table 3-2 
MHR Table 3-2 
MHR Table 3-2 

(a) Percentage of material by dry weight passing the U.S. #200 sieve. 

If the index test results are below the ranges in Table 3-3, the hydra.ulic conductivity ofthe soil will 
be tested to determine if it meets the target permeability (ASTM D5084), If the Haul Road soil meets 
the target permeability value, it may be placed at any location in the consolidated stockpile. If this 
soil does not meet the permeabihty requirement; then the following options are available: 

• If the subgrade below the Haul Road is capable of supporting heavy earthmoving 
equipment such as scrapers, then the Haul Road may be removed as part ofthe initial soil 
consolidation described previously. 

• If the subgrade is not suitable for heavy traffic (e.g., thick layers of organic material), 
then the construction contractor may be required to sequence his earthwork operations so 
as to place the Haul Road soil in the consolidated stockpile beneath soil that meets the 
target permeability requirement. 

In all cases, compaction testing (ASTM D1557) will be performed to provide data for preparing 
specifications. 

3,6.7 Decision Error Limits 

Index properties, compaction, and if necessary, permeability, will be measured by a qualified 
laboratory using ASTM standard methods. This will ensure accuracy within ASTM limits. A 
minimum of three tests of each type will be performed to account for namral variability; the average 
ofthe test results will be used for the analysis, unless the design engineer determines that additional 
conservatism is necessary, 

3.7 Potential Borrow Areas - Topsoil and Cover Soil Volumes and Properties 

3.7.1 Problem Statement 

What is the available volume of topsoil and/or cover soil in potential borrow areas? 

What are the handling characteristics (cohesiveness, weather susceptibility, etc.) of these soils? 
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3.7.2 Identification of Decision 

The decision is whether the potential borrow areas contain the required volumie of topsoil and cover 
soil with appropriate soil properties. If the borrow areas contain more than is needed, then the 
detailed design will include a development sequence so that dismrbed areas and haul distances are 
minimized. If the borrow areas do not contain sufficient material, additional areas will be identified 
for investigation, 

m addition, any restrictions or conditions requked for placement of the borrow soils need to be 
identified for use in preparing the technical specifications, 

3.7.3 Sampling and Analysis Program 

Test pits will be excavated at a frequency of about 2 per acre. This vrill result in a minimum of 8 pits 
in the Hillside Area and 12 pits in the Clear Cut Area, shown on Drawing 3 in Appendix J. The 
Lucky Lass Stockpile will also be investigated to allow consideration of-using soils from this 
stockpile for cover soil on the consolidated stockpile. At the Lucky Lass Stockpile, 12 test pits will 
be excavated and bulk samples collected for testing. 

For additional information on potential topsoil, a minimum of 3 test pits will be excavated in 
Stockpile Area and the Taper Zone Area (see Drawing 3 in Appendix J), for a total of 6 test pits. 
These pits will be excavated to about 1 foot below the base of the topsoil layer, estimated to be no 
more than a few feet thick (see MHR Figures 3-1 through 3-6). 

The thicknesses of topsoil and cover soil will be measured each ofthe test pits in the potential borrow 
areas. The areas for the volume calculations will be determined from existing topographic maps. 

Soil testing will include grain size distribution and plasticit}'. These characteristics will be 
determined using ASTM test methods D422 and D4318, respectively, 

3.7.4 Smdy Boundaries 

The potential topsoil and cover soil borrow areas are shovi'n on Drawing 3 in Appendix J. 

3.7.5 Decision Rule 

The pre-concepmal design (Appendix J) suggests that the following approximate volumes will be 
needed: 

• Topsoil - 30,000 cy 

• Cover soil-67,000 cy 

The boiTOw sources wall be considered adequate if they can provide these volumes. If the potentially 
available topsoil volume does not appear to be sufficient, part of the topsoil volume may be met by 
amending cover soil with imported organic material. 

Test data will be reviewed for determining if any placement restrictions or conditions are necessary, 
based on standard earthworks practice. 
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3.7.6 Decision Error Limits 

Soil thickness will be determined from test pits at a limited numiber of locations. Standard practices 
will be used to evaluate the variabilit}' between test pits. Unless the variability' appears to be unusual 
relatiA'e to residual soil deposits of this t)j)e, the average of soil thicknesses measured in the test pits 
will be assumed to adequately represent site conditions. 

The geotechnical tests will be performed by a qualified laboratory using ASTM standard met'hods. 
This will ensure accuracy within ASTM limits. " 

3.8 Potential Gravel Borrow Area Volumes and Properties 

3.8.1 Problem Statement 

"What is the available volume of gravel in a potential borrow area? 

Â Tiat is the quality (durability) ofthe gravel? 

Is cover soil also available in the potential borrow area? 

3.8.2 Identification of Decision 

The decision is whether a potential borrow area contains the required volume of gravel with 
appropriate properties. Gravel would be obtained by extending a former gravel pit at the north end of 
the consolidated stockpile. The gravel will be produced from native rock that is highly fractured. 
Based on visual observations of the former pit wall, the excavated material will have a range of 
particle sizes. Because specific particle size distributions will be required for various uses of the 
gravel, it is likely that the excavated material will need to be screened. Information about the particle 
size distribution will therefore be required to determine the costs for this project element and td 
estimate the total volume and configuration of the excavation. The required gravel sizes will be 
determined during the design. 

If the excavated material must be screened, the undersize fraction may be suitable as cover soil. This 
would reduce the area of other borrow sources that must be disturbed. Grain size distribution data 
will allow an estimate of the volume of this by-product material associated with the required volume 
of gravel. 

Gravel will serve as erosion protection until vegetation becomes sufficiently established, Namrally 
occurring 3H:1V soil slopes (the maximum proposed design slope) were observed during the June 18, 
2003 site visit. These natural slopes were stable, supported stands of natural vegetation comparable 
to those in flatter areas, and showed no signs of erosion. Hence, the gravel will not need to be a 
permanent erosion control measure, but will only be relied upon for the first fev/ years after remedial 
activities have been completed. In this context, the gravel should be sufficiently durable so that it 
does not degrade significantly over about 20 years. 

3.8.3 Sampling and Analvsis Program 

For evaluating gravel size distribution and obtaining samples for durability testing, three (3) 
boreholes will be drilled in the Expanded Gravel Borrow Area shov,m on Drawing 4 in Appendix J, If 
the acmal rock conditions appear to vary significantly, the number of boreholes miay be increased. 
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The boreholes will be located in a unifonn distribution throughout the potential borrow area, subject 
to local access and other factors. 

The boreholes will be drilled to approximately 50 ft below the existing ground surface, which will 
encompass the entire thickness of material planned for excavation. The holes will be diamond cored 
using wireline equipment and, at a minimum, double-tabe core barrels to provide m^aximum recovery 
and minimize disturbance. The core will be logged and placed in core boxes by Golder personnel in 
accordance with Golder Procedure TP 1.2-2 Geotechnical Rock Core Logging. Upon completion, all 
boreholes will be flagged for location with GPS equipment. 

The fracmre frequency and spacing in rock cores from exploratory boreholes will be the primary 
source of data on expected size distribution, supplemented by visual observations of the existing face 
of the former gravel pit. 

Gravel durability will be determined by performing the LA Abrasion Test (ASTM C535) and the 
Sulfate Soundness Test (ASTM 088), 

To determine the thickness and obtain samples of potential cover soil, a total of 6 test pits will be 
excavated in the smdy area. Soil testing will include grain size distribution using ASTM test method 
D422. 

3.8.4 Smdy Boundaries 

The potential borrow area is shov,m on Drawing 4 in Appendix J, 

3.8.5 Decision Rule 

The pre-concepmal design (Appendix J) suggests that approximately 11,000 cy of gravel will be 
needed. 

For the proposed gravel borrow area, if enough suitable material is identified, the decision on its use 
will involve comparing the costs of excavating and screening- at the site to importing gravel from off-
site sources. 

The gravel will have acceptable durability if the loss during the LA Abrasion Test is less than 50% 
and the loss during the Sulfate Soundness Test is not more than 20% after 5 cycles. 

3.8.6 Decision Error Limits 

Gravel data will be obtained from a limited number of boreholes at specific locations. Standard 
practices of geologic interpretation will be used to evaluate fhe variability of the'rock between 
boreholes. The geotechnical tests will be performed by a qualified laboratory using ASTM standard 
methods. This will ensure accuracy within ASTM lim.its, 

3.9 Potential Gravel Borrow Area Excavation Method 

3,9,1 Problem Statement 

What are potentially suitable excavation methods for gravel? 
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3.9.2 Identification of Decision 

In order to provide the most cost effective construction bids and prepare specifications, it is necessan,' 
to know the excavation method for the borrow source. Bedrock that can be ripped with large 
equipment will have significantly different requirements than rock which requires blasting, 

3.9.3 Samipling and Analvsis Program 

Testing will consist of determining the seismic (p-wave) velocity of the bedrock. Approximately 800 
feet of seismic refraction line will be mn within the footprint of the Expanded Gravel Borrow Area 
showm on Drawing 4 in Appendix J, The number, length, and orientation ofthe lines will depend on 
initial field results, Geophone spacing will be sufficient to penetrate to a depth of about 50 feet. 
Field actiAaties will be performed by Golder personnel in accordance with Golder Procedure TP 1,1-
14 Land Seismic Refraction Survey (in Appendix I). The results ofthis activity will also be used to 
correlate geologic conditions between the boreholes. 

3.9.4 Smdy Boundaries 

The potential borrow area is shown on Drawmg 4 in Appendix J. 

3.9.5 Decision Rule 

Rippability will be determined by the use of standard tables from earthworks equipment 
manufacturers, supplemented by geotechnical interpretation. Typically, seismic velocities of 6,000 
ft/sec or less indicate rippable material. Velocities greater than 8,000 ft/sec will indicate that blasting 
is probably required, 

3.9.6 Decision Error Limits 

The accuracy of seismic velocity measurements depends on a number of site-specific factors and is 
difficult to quantify. For this smdy, the results will be evaluated in conjunction with other geologic 
and geotechnical information to estimate the accuracy. If the seismic velocities are in the 
intermediate range, the construction specifications will include the option to use either excavation 
method. 

3.10 COCs in Potential Borrow Materials 

3.10.1 Problem Statement 

Are COCs in the borrow soils (topsoil, cover soil, and gravel) above cleanup levels? 

3.10.2 Identification of Decision 

Borrow materials should not contain COCs above cleanup levels for the White King stockpiles. 

3,10,3' Sampling and Analysis Program 

A representative sample will be collected from each of the test pits and boreholes in each of the 
potential borrow areas. , 
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Chemical screening tests will be performed on cover soil materials for the indicator parameters 
arsenic and Ra-226. Details of sampling procedures and analytic methods are included in the QAPP 
(Appendix F). 

3.10.4 Smdy Boundaries 

The potential borrow areas are s'hown on Drawings 3 and 4 in A.ppendix J. 

3.10.5 Decision Rule 

Cleanup levels in the ROD are 442 mg/kg for arsenic and 6.8 pCi/g for Ra-226, 

3.10.6 Decision Error Limits 

Error limits are those associated with the pertinent EPA. test procedures listed in the QAPP. 

3.11 Bedrock Depth Upslope of Consolidated Stockpile 

3.11.1 Problem Statement 

What is the depth to competent (unweathered) bedrock immediately upslope of the consolidated 
stockpile margin? This information is required to design a ditch, trench, or other feamre to intercept 
groundwater flow along the soil-bedrock interface, thereby reducing potential seepage into the 
consolidated stockpile, 

3.11.2 Identification of Decision 

The decision is the type of interceptor to be constructed, 

3.11.3 Sampling and Analvsis Program 

The key inputs to the decision that need to be evaluated in the field are the depth to bedrock and the 
excavation characteristics ofthe overlying materials. 

Test pits will be excavated to refusal to identify the top of bedrock. Test pits will be located at 
approximately 100-ft intervals along the westem margin ofthe proposed consolidated stockpile. This 
activity will be performed in conjunction with evaluation of fhe Hillside Area borrow source; where 
appropriate, the same test pit will be used for both purposes. 

3.11.4 Smdy Boundaries 

The smdy area will be the hillside immediately upslope of the consolidated stockpile, as shown on 
Drawing 1 in Appendix J. 

3.11.5 Decision Rule 

The decision as to the type of interceptor will be made during the remedial design on the basis of 
technical feasibility, effectiveness, and cost. 
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3,11,6 Decision Error Limits 

Decision error limits are not applicable to this data need, 

3.12 Bedrock Permeability 

3.12.1 Problem Statement 

V/hat is the potential for groundwater seepage into the consolidated stoc'kpile fromi upslope areas? • 

3.12.2 Identification of Decision 

The decision will be whether or not it is necessary to further consider the effects of groundwater from 
areas upslope ofthe consolidated stockpile on COC release. 

3.12.3 Sampling and Analysis Program 

The key decision inputs will be: 

e Depth to bedrock (see Section 3.11) 
e Permeability ofthe bedrock adjacent to the consoHdated stockpile. 

An estimate of the mass permeability of the basalt bedrock will be required. This parameter will be 
determined by performing slug tests in existing boreholes upslope of the protore stockpile. This 
testing will be performed in accordance with Golder Technical Procedure TP 1.2-17 Rising Head Slug 
Test (in Appendix I). 

3.12.4 Smdy Boundaries 

The smdy area will be the hillside immediately upslope of the consolidated stockpile, as shown on 
Drawing 1 in Appendix J, 

3.12.5 Decision Rule 

Based on existing data, the in-place permeability ofthe stockpiled soils can be assumed to be 1x10'̂  
cm/sec or less. If the permeability ofthe bedrock adjacent to the consolidated stockpile is higher than 
this value, then groundwater will tend to flow preferentially through the bedrock, and the potential for 
significant infiltration into the stockpile will be negligible, 

3.12.6 Decision Error Limits 

Test error limits are discussed in Golder Techmical Procedure TP 1,2-17 Rising Head Slug Test (in 
Appendix I), 

3.13 White King Pond Highwall Seeps 

A seep survey will be performed on the "highwall" of the White King Pond, to document the 
occurrence and namre ofthe seeps, in order to determine the need for mitigation. Field measurements 
will consist of measuring pH with a portable meter, and estimating the flow rate with "stopwatch and 
bucket" or other simple methods. Photographs of seeps will be taken to document conditions,- Flow 
in adjacent diversion ditches, which might be contributing to seeps, wil] also be observed. The seep 
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mvestigation will be performed in early summer, as some seeps have been observed to dry up in later 
parts of the year, A follow-up survey will be performed in late summer or early fall to identify any 
seeps that persist througho"ut the^year. Seep locations v/ill be recorded on a topographic map ofthe 
site and documented photographically. 
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Field Investigation Report Outline 

1 - Introduction [summarize data needs, reference remedial design Workplan] 

2 - Field Investigations [sampling methods, locations (include maps), sample 
coiiection] 

3 - Laboratory Testing [laboratory, test types, number, methods. Summarize 
results in tables, include complete data in appendices. Separate 
subsections for geotechnical and chemical.] 

4 - Discussion [discuss suitability of materials for intended use. Adequacy of 
volumes. Other considerations for design or construction (e.g., •wet-
•weather impacts)] 

5 - References 

Appendix - Test Pit Logs 

Appendix - Laboratory Data 



J Appendix D 



I 
I 

APPENDIX D 

DESIGN REPORT OUTLINE 



I 
I 

December 12. 2003 033-1398.200 

Design Report Outline 

1 - Introduction [design objectives, list of main design features] 

2 - Erosion and Sediment Control 

3 - Earthworks [borrow sources, placement requirem_ents] 

4 - Surface V/ater 

5 - Restoration 

6 - Wliite King Pond Highwall Seeps 

7 - Wliite King Pond Neutralization • ' o • 

Appendix - Construction Drawings 

Appendix - Specifications 

Appendix - Calculations 
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Construction Quality Assurance Plan Outline 

1 - Introduction [purpose and scope] 

2 - Project Organization [responsibility and authority (include org chart), project 
m.eetings] 

3 - Personnel QuaUfications [CQA Persoimel] 

4 - Inspection and Testing Activities [separate sections for each major project 
• feahire, summarize quantitative testing (if any) and fi-equencies in table, 

visual removal criteria] 

5 - Documentation [daily reports, data sheets, non-conformances, design changes 
and clarifications, progress reports, final report] 

6 - References 
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1.0 PROJECT DESCRIPTION 

Ll Purpose 

This Quality Assurance Project Plan (QAJPP) v/as prepared for the White King / Lucky Lass Mines 
Site by Golder Associates Inc. (Golder) to support field investigation activities associated with, 
remedial design and biotic investigations. This QAPP provides procedures for making accurate 
maeasurements and obtaining representative, accurate, and precise analytical data. 

L2 Site Description 

A description of the White King / Lucky Lass Mines site is provided in Section 1 of the Remedial 
Design Workplan, 

1.3 Sampling Program Design 

The sampling locations and frequency, samplitig procedures, and analyses to be performed are 
presented in the Remedial Design Workplan and the White King Pond and Augur Creek Study 
Workplan, 
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2.0 PROJECT ORGANIZATION 

2.1 Organizationai Structure 

The organizational structure for management, quality assurance, and field activities for the White 
King / Lucky Lass Mine site is established in Section 2 ofthe Rem.edial Design Vv '̂orkplan. Contact 
infonnation for Golder Project Management and a synopsis of duties for each organizational element 
are provided as follows: 

Contact: 
Company: 
Address: 

Telephone: 
Facsimile: 
E-Mail: 

Project Manager 
Lee Holder 
Golder Associates Inc. 

. 18300 NE Union Hill Road, 
Suite 200 
Redmond, Washington 
98052-3333 
(425) 883-0777 
(425) 882-5498 
lholder(a),golder.com 

Project Manager 

The Project Manager is responsible for planning and executing all environmental sampling and 
analysis and for preparation of analytical data reports, including submittals to EPA. The Project 
Manager identifies the specifications for, and administers the subcontracts for laboratory analysis. He 
also provides information to guide regulatory requirements and reviews aspects of Quality Control 
requiremients. Workplan tasks, referenced method quantitation limits, regulatory compliance levels, 
and other pertinent documents are reviewed and assessed to determine if data quality objectives are 
being met. 

Principal-in-Charge 

The Principal-in-Charge will provide high-level management oversight, senior review, and quality 
control for the project. He will ensure that the necessary resources are available for successful 
project execution. 

Health & Safetv Officer 

The Health and Safety Officer is responsible for developing the site Health and Safety Plan (HASP) 
and communicating the key elements of on-site safety to the field persormel, including personal 
protective measures and equipment, emergency preparedness, and incident protocol. 

Remedial Design Task Leader 

The Remedial Design Task Leader is responsible for engineering services required for remedial 
design activities associated with the White King / Lucky Lass site. 

White King Pond and Augur Creek Studv Task Leader 
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The White King Pond and Augur Creek Task Leader is responsible for detennining the ability for 
White King Pond to support aquatic life and the potential for bioaccumulation of contaminants of 
concem by biota within White King Pond, Related objectives include quantifying the biologic 
community, and evaluating the effect of pH neutralization on V/hite King Pond, In addition, the task 
leader will be responsible for pre-remedial action, baseline sediment chemistry data collection for 
Augur Creek. 

ChemistA^alidator 

The ChemistA/alidator reports to the Project Manager and task leaders. He/she is responsible for 
coordinating with the offsite laboratories to obtain required analyses, and for sample tracldng, chain 
of custody, and other sampling and analysis documentation. The Chemist/Validator maintains the 
data center files, including tabulating, compiling, and archiving data. The Chemist/Validator is 
responsible for the review and validation of laboratory analysis reports. 

Field Sampling Personnel 

The Field Sampling Personnel report to the task leaders. The Field Sampling Persoimel are 
responsible for collecting all field samples in accordance with the QAPP and the Remedial Design 
Workplan and the White King Pond and Augur Creek Study Worlqslan. In addition, the Field 
Sampling Personnel are responsible for assembly, organization, and maintenance of all information 
collected during field activities (including sampling logbook, daily activity logbook chain-of-custody 
forms, and field measurements). 

2.2 Use of Subcontractors 

Qualified laboratories will be retained for standard and specialized chemical tests on soil, water and 
invertebrate tissue samples as appropriate. Contract laboratories for chemical analysis will haVe a 
Quality Assurance Program that conforms to applicable guidelines in documents such as EPA SW-
846, EPA QAMS-005/80, EPA QA/G-5, and ISO/IEC Guide 25. 
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3.0 DATA QUALITY OBJECTIVES 

A primary objective ofthe field sampling activities is to provide analytical data that is of known and 
defensible quality. Tables QAPP-1.1 through QAPP-1.5 list typical chemical paramieters defined for 
water, and soil/ sediment sampling that may be of interest during the site RD phase. The list of 
potential organic parameters may include semi-volatile organic compounds, and pesticide/PCBs from 
the Target Compound List (TCL) of parameters in the USEPA Contract Laboratoiy Program 
Statement of Work for Organics (EPA, 1999), The list of potential inorgamc parameters may include 
metals from the Target Analyte List (TAL) parameters in the USEPA Contract Laboratory Program 
Statement of Work for Inorganics (EPA, 2000), and selected general chemistry parameters. Benthic 
m^acro-invertebrate organisms will be identified during the taxonomic identification task, which 
requires a sorting and enurneration process. As such, the corifirmation of a variety and number of 
organisms is variable and they will not be enumerated in this document. Constituents will be 
analyzed using methods as defined in SW-846 (EPA, 1986) and Standard Methods (APHA, 1989) as 
applicable. 

The objectives for analytical data quality are defmed in terms of the quantitation limits achievable 
using the referenced analytical methods, and in terms of the resulting goals for precision, accuracy, 
representativeness, completeness, and comparability of analytical data. Quantitation limits are 
provided for each analytical parameter in Tables QAPP-1.1 through QAPP-1.5 and are cross-
referenced to applicable standard EPA reference methods. The quality objectives established for 
remedial design are as follows: 

• Precision: analjrtical precision will be reported as required by the goveming EPA 
reference methods cited in Tables QAPP-1.1 through QAPP-1 .-5. 

e Accuracv (Bias'): accuracy .will be reported as required by the goveming EPA reference 
methods cited in Tables QAPP-1.1 through QAPP-1.5. 

• Representativeness: Goals for sample representativeness are addressed qualitatively by 
the sampling locations and intervals defijied in the Workplans. In addition, the use of 
standard procedures for sample acquisition (as described in Section 4 ofthis QAPP) will 
facilitate the collection of representative data. 

e Completeness: Completeness is defined as the percentage of valid analytical 
determinations with respect to the total ntimber of requested determinations in a given 
sample delivery group; completeness goals are estabhshed at 90%. Failure to meet this 
criterion will be documented and evaluated in the data validation process described in 
Section 6 ofthis QAPP, and corrective action taken as warranted on a case-by-case basis. 

• Comparability: Approved analytical procedures will require the consistent use of the 
reporting techniques and units specified by the EPA reference methods cited in Tables 
QAPP-1.1 through QAPP-1.5 in order to facilitate the comparability of data sets from 
sequential sampling rounds in terms of their precision and accuracy. 
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4.0 SAMPLING AND O T H E R FIELD PROCEDURES 

4.1 Selected Procedures 

Technical procedures have been developed to support sampling activities, data validation, and other 
technical activities, A list of technical procedures applicable to individual activities that may be 
employed at the sites is provided in Table QAPP-2. 

Technical Procedures are provided as guidance to technical personnel and as such, require the 
specific circumstance of application or the knowledge ofthe field scientist to appropriately apply the 
guidance criteria. Some technical procedures may have duplicate or similar information provided in 
other technical procedures that is nevertheless necessary to provide continuity to the content of the 
document. 

4.2 Variation Request, and Change Control Considerations 

Variations from established field procedure requirements may be necessary in response to unique 
circumstances encotmtered during sampling activities. Field Sampling Personnel are authorized to 
implement non-substantive variations based on immediate need, provided that the Project Manager is 
notified within 24 hours ofthe variation, and appropriate documentation ofthe change is executed. 

4 3 Sample Quantities, Types, Locations, and Intervals 

Sample quantities, types, locations, and intervals for the surface water, sediment, and benthic macro­
invertebrate sampling will beas specified in the applicable workplan. Field quality control samples 
including field blanks, field duplicates, and field split samples will be included in the minimum 
quantities specified in Section 7 of this QAPP or as specifically stated in the goveming technical 
procedure or ASTM procedure. In the case of benthic macro-invertebrate sampling, the field QC will 
be limited to collection of replicate samples as a way of assessing the precision ofthe sampling effort 
(ASTM E2122-02). Appropriate documentation of the purpose of each sample will be maintained in 
the field log, and identified by the assigned sample designation; copies will be separately provided to 
the data vahdator as necessary (see Section 6 of this QAPP). 

4.4 Sample Designation and Labeling Requirements 

Sample labels will be attached to each sample container with an assigned field sample number, 
applied in a chronological sequence during the field activities. One number designation will appear 
on each sample bottle or container for a unique sample, regardless of the number of bottles and 
containers coUected to represent the multiple analyses to be performed. This will ensure that field 
samples will remain unambiguously associated with the corresponding field locations. Infonnation 
on the label will include the follov.'ing: 

• Golder Associates project number 

s Sample designation number 

• Analytical tests to be performed 

• Appropriate preservation steps 
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« Samplers initials 

e Date and time of sample coiiection. 

The sample designation number will be cross-referenced in the field notes to identify the collection 
location, depth, and other unique sample collection infonnation. 

Each sample bottle will identify the laboratory analysis to be performed both in writing on the 
container, by reference to the container size, and/ or the label attached by the laboratory' identifying 
the preservative added for the appropriate analysis. Number designations and assigned laboratory 
analyses will be recorded on the field report forms shown in the applicable sampling procedures, as 
well as on the chain of custody/sample analysis request form supplied by the analytical laboratory, 

4.5 Sample Container Type, Volume, Preservation, and Handling Requirements 

All sample containers, container preparation services, preservatives, trip blanks, and sample coolers 
will be provided by the analytical laboratory as part of their agreement for services. If Agency 
oversight sampling and analysis is to be performed, the Agency representative and their designated 
laboratory will be responsible for providing sample containers unless arrangement is made with 
Golder to provide sample containers. Sample container type, volume requiremients, preservation 
requirements, and special handling requirements for the potentially required analyses are listed by 
analytical category in Table QAPP-3 for water matrix, and in Table QAPP-4 for soil matrix. Special 
handling and preservation requirements for the macroinvertebrate sampling and tissue preparation for 
analytical testing are provided in the ASTM Standard document (ASTM E2122-02). 

Samples for geotechnical testing will be handled, contained and preserved in a manner specified in 
the goveming ASTM or technical procedures. 

All samples will be sealed, labeled, properly identified, and submitted to the analytical laboratory 
under formal chain of custody requirements as described in Section 4,6 ofthis QAPP. 

4.6 Chain of Custody Considerations 

All samples obtained during the course of this investigation will be controlled as required by 
procedure TP-1.2-23 Chain of Custody. Chain of custody forms (see Exhibit C in 
TP-1.2-23) will be completed for each shipment of samples as described in the procedure. Sample 
analysis request forms supphed by the analytical laboratory or chain of custody forms will be 
completed instead of Sample Integrity Data Sheets; such forms will specifically identify the 
applicable reference methods specified in Tables QAPP-1.1 through QAPP-1.5 as appropriate for 
each individual sample. All laboratory sample tracking procedures wiU ensure traceability of 
analytical results to the original samples through the analj^ical method referenced on the chain of 
custody and the laboratory applied tracking number. Each laboratory applied tracking number will 
be traceable to a unique sample designation number as specified in Section 4.4. 

4.7 Sampling Equipment Decontamination 

All non-dedicated sampling equipment which comes in contact with sample will be thoroughly 
cleaned prior to each sampling event to prevent cross-contamination between samples and to ensure 
accurate representation of analytes of interest in each sample interval. Personnel performing 
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decontamination will wear rubber gloves, face or eye shields, and such other safety equipment as 
directed by the project-specific Health and Safety Plan. Samplers and samphng tools will be 
disassembled as necessary and placed in clean, dedicated drums or troughs fitted with gravity drains, 

4.7.1 Organic Parameter Equipment Decontamination 

Non-dedicated equipment will be cleaned with a brush and non-phosphate detergent-water mixture 
such that all visible solid matter is removed. A second wash will be perforaied after the detergent-
water wash. For samples requiring organic analyses, non-dedicated equipment will be rinsed with 
organic-free distilled/deioriized water, then rinsed with reagent grade methanol, and finaUy given a 
second rinse of organic-free distilled/deionized water. Should tars or other visible organic matter 
remain on the non-dedicated equipment after the detergent-water wash, a methanol soaked towel will 
be used to attempt cleanup, and then the full complement of wash procedures repeated. If the non-
dedicated equipment retains visible matter after the previously stated actions, the equipment will be 
retired from the sampling procedures and not used again. Samplers will be reassembled using clean 
rubber gloves; ali decontaminated samplers and sampling tools will be sealed in clean plastic bags 
pending their next use. All wash and rinse fluids will be transfened to storage drums for short term 
storage on-site, pending characterization and final disposal at the direction ofthe Project Manager. 

4.7.2 Inorganic Parameter Equipment Decontamination 

For samples requiring inorganic analyses, non-dedicated equipment will be rinsed with organic-free 
distilled/deioiuzed water, then rinsed with a dilute solution of hydrochloric acid, and finally given a 
second rinse of organic-free distilled/deionized water. Samplers will be reassembled using clean 
mbber gloves; all decontaminated samplers and sampling tools will be sealed in clean plastic bags 
pending their next use. All wash and rinse fluids will be transfened to storage drums fOr short term 
storage on-site, pending characterization and final disposal at the direction ofthe Project Manager. 

4.7.3 Macroinvertebrate Equipment Decontamination 

Equipment decontamination for preparation of the macroinvertebrate tissues will be as specified in 
the ASTM Standard document (ASTM E2122-02). Sampling and homogenizing equipment will be 
handled using clean mbber gloves; all decontaminated tools will be sealed in clean plastic bags 
pending their next use. All wash and rinse fluids will be transfened to dedicated storage containers 
for short term storage on-site, pending characterization and final disposal at the direction of the 
Project Manager. 

4.8 Calibration Requirements 

Calibration of all measuring and test equipment, whether in existing inventory or purchased for this 
investigation, will be controlled as required by procedure QP-11.1 CaUbration and Maintenance of 
Measuring and Test Equipment, or, in the case of portable radiometric suri;ey m^eters, technical 
procedures 378-2 and 379-2. Lease equipment will require certifications or other documentation 
demonstrating acceptable cahbration status for the entire period of use for this project. Field 
calibration requirements will be in compliance with the technical procedure describing the 
instrument's use and/or with the manufacturer's instructions issued with the equipment. 
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Method-specific and analj'tical equipment-specific calibration requirements practiced by individual 
analytical laboratories selected for subcontract services (Section 2,2 of this QAJPP) are addressed 
within the laboratory QA plans. 
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5.0 ANALYTICAL PROCEDURES 

Tables QAPP-1.1 through QAPP-1.5 cross-references the analytes of interest ofthis investigation to 
the standard reference methods and method detection limits that will be established as contractual 
requirements between Golder and the subcontracted analytical laboratories. 

5.1 Field Screening Analjtical Procedures 

A gamma survey technique will be used to screen area wide soil conditions, test pit locations, or 
prepared soil aliquots for radioactivity. The gamma survey will utilize portable survey meters to 
detect gamma emanation from a variety of isotopes. The field tests will define the number of 
samples selected for collection and/' or compositing actions, and thus will ultimately determine the 
number of laboratory based analytical tests to be perform^ed. Technical procedures for the use, 
calibration and calibration check status of field portable instmments are provided in the Appendices. 
These procedures include: 

e Portable Survey Instmment Operability Checks (376-6) 

e Calibration Check Of Vendor-Calibrated Portable Survey Meters (378-2) 

e Calibration ofthe Ludlum Scaler Ratemeter (379-2) 

Copies of the technical procedures are listed in Table QAPP-2 and full texts are provided in 
Appendix F ofthe Remedial Design Work Plan document. 

5.2 Laboratory Analytical Procedures 

Laboratories selected to support the organic, inorganic and isotope analyses for soil, water, and biota 
samples, will conform to EPA SW846 methods. Prescribed Procedures for Measurement of 
Radioactivity in Drinldng Water, or radiochemical procedures from The Department of Energy . 
"EML Procedures Manual" as appropriate. Most laboratories have developed their own Standard 
Operating Procedures (SOPs) associated with the Methods provided in QAPP Tables 1.1 through 1.5. 
These procedures are acceptable for use provided they are developed in accordance with an 
established laboratory QA/QC plan that provides precision and bias data meeting EPA acceptance 
criteria for acceptable data quality. Quality control data must be presented with the analytical data 
for each Sample Delivery Group submitted to the lab, at a minimum of those QC criteria specified in 
Section 6.1 ofthe QAPP. Specific analytical tests may include the following: 

5.2.1 Organic Analyses 

EPA 8270C Semivolatiles. 
EPA8081A Organochlorine Pesticides 
EPA 8082 PolychJormated biphenyls 

5.2.2 Inorganic Analyses 

EPA 200.7 / 601 OB Total and Dissolved Metals 
EPA 200.8 / 6020A Total and Dissolved Metals 
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EPA 200,9 / 7060 . Total and Dissolved Arsenic 
EPA 245.1 / 7470A Total and Dissolved Mercury 

5.2.3 Radiochemical Ajialvses 

EPA 9310 Gross >Jpha and Beta 
EPA 9320 Radium-228 
EPA 900.0 Gross Alpha and Beta Radioactivity 
EPA 901,1 Gamma Emitting Radionuclides 
EPA 903,1 Radium-226, Radium Emanation Technique 
EPA 904.0 Radium-228 • 
EPA 200.8 ICP/MS for Uranium, Thorium 

5.3 Macroinvertebrate Tissue Analysis 

The miacroinvertebrate tissue sampling will be performed in the field. Preparation procedures for the 
tissue samples and quality control criteria associated with the sampling and preparation are as stated 
in the ASTM Method for conducting in-situ field bioassays (ASTM E2122-02). The analytical 
preparation method for analysis of metal content in tissue will be EPA 3010A; Acid Digestion of 
Aqueous Samples and Extracts for Total Metals for Analysis by Flame Atomic Absorption or 
Inductively Coupled Plasma (ICP) Spectroscopy. EPA Method 601 OB for moderate level metal 
content or EPA Method 6020 for low level metal content will be employed for the analysis of metals 
in tissue samples. Quality control criteria for tissue preparation will be as outlined in the ASTM 
method and the laboratory will be responsible for providing appropriate QC data with the analytical 
data for each Sample Delivery Group of tissue samples submitted to the lab, at a minimum of those 
QC criteria specified in Section 6.1 of the QAPP. 

5.4 5.4 Geotechnical Testing 

Geotechnical procedures are identified to support field collection of soil to track soil particle sizing, 
density tests, and stability issues at the site. ASTM methods represent the procedures to follow in 
meeting the geotechnical needs. The ASTM methods are presented below and in Table QAPP-1,1, 
but are presented as reference documents only and are not duplicated in this QAPP. 

e C88 Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate 

« C535 Standard Test Method for Resistance to Degradation of Large-Size Coarse Aggregate 
by Abrasion and Irripact inthe Los .Angeles Machine 

» D422 Standard Test Method for Particle-Size Analysis of Soils 

« Dll40 Standard Test Methods for Amount of Material in Soils Finer Than the No. 200 
(75-um) Sieve 

e D1557 Standard Test Methods for Laboratory Compacfion Characterisfics of Soil Using 
Modified Effort 
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e D4318 Standard Test Methods for Liquid Limit, Plastic Limiit, and Plasticity Index of Soils 

e D5084 Standard Test Methods for Measurement of Hydraulic Conductivity of Saturated 
Porous Materials Using a Flexible Wall Permeameter 
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6.0 DATA REDUCTION, VALIDATION, ANB R E P O R T E N ^ G 

6.1 Requirements for Field Gamma Survey Data 

Data collection for the gamma survey will be required to determine conelation criteria to the 
laboratory based analyses for radioactive isotopes of concem, Tne gamma survey data will include 
instrument calibration checks, operational checlcs, survey measurement locations, and the instramient 
results. Copies of the field data will be routed to the Project Manager for data assessment purposes 
and to the pennanent project records. Details for field gamma survey data reduction, validation, and 
reporting are provided in Section 3,1 ofthe Remedial Design Workplan. 

6.2 Requirements for Field Biota Data 

Data collection for the macroinvertebrate selection and sample processing will be as required 
according to the ASTM standard procedure (ASTM E2122-02). Copies ofthe field data will be 
routed to the Project Manager for data assessment purposes and to the permanent project records. 
Details for data reduction, validation, and reporting associated with the field biota sample collection 
and processing are provided in Section 3.1 ofthe Remedial Design Worlqslan. 

6.3 Requirements for Geotechnical Data 

The geotechnical data reduction, validation, and reporting will be as prescribed in the Golder 
Technical Procedures and in the ASTM procedures referenced in Section 5 ofthis QAPP. Copies of 
the data and validation reports will be routed to the Project Manager for data assessment purposes 
and to the permanent project records. 

6.4 Requirements for Laboratory Chemical Analytical Data 

All analytical data packages submitted by the analytical laboratories wiU meet the requirements of a 
standard laboratory Level IH report package. The analytical laboratories include those selected for 
organic, inorganic, general chemistry, and radiochemical analyses. Most laboratories identify the 
Level HI reporting as a "data validation package", and the major elements ofthis report package will 
include the following: 

e A case nanative of the data package deficiencies or exceptions, and sample receipt 
"condition found" record, noting dates of sample receipt, and chain-of-custody 
documentation; 

e Analytical hard copy (paper) results with raw data for each sample containing neat or 
dilution adjusted results for all analytes/constituents requested on the chain of custody 
form, request for analysis, or purchase order; 

c Analytical quality control results and summary documents for laboratory method blarJcs, 
duplicates, laboratory control samples, blank spike/blank spike duplicates, matrix 
spike/matrix spike duplicates, serial dilutions, sunogates, and intemal standards; 

Sample preparation summary data including dates of sample extraction and analysis, 
analytical methods, and appropriate detection or reporting hmits. 
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All data packages for all analytical parameters will be reviewed and approved by the analytical 
Iaborator)''s QA Officer prior to submittal for validation.. 

6.5 General Validation Requirements 

All analytical data packages from each sam.ple delivery group will be validated by the detailed review 
and calculation over-check processes described in USEPA Contract Laboratory Program National 
F'unctional Guidelines for Inorganic Data Revievt) (EPA, 2002), USEPA Contract Laboratory 
Program National Functional Guidelines for Organic Data Review (EPA, 1999), and USEPA 
Contract Laboratoi'y Progi-arn National Functional Guidelines for Low Concentration Organic Data 
Review (EPA, 2001). Data validation work will be performed to ensure that the laboratory has met 
all contractual requirements, all applicable reference method requirements, and the data quality 
objectives discussed previously in Section 3 and Tables QAPP-1.1 through QAPP-1.5. Vahdated 
data will be stored as indicated in procedure TP-2.2-12 Analytical Data Management for each sample 
delivery group. A sample delivery group may be interpreted as a group of twenty samples, or the 
group of samples delivered to the laboratory in a single week, which ever occurs first. 

The data validator will document all contacts made with the laboratory to resolve questions related to 
the data package. The data validator will prepare a technical report or provide a summary checldist 
documenting the evaluation of laboratory blanks, field blanks, equipment blanks, duplicates, matrix 
spikes/matrix spike duplicates, laboratory control samples, calibration data (as applicable for the 
specified method), and any re-qualification of analytical results required as a result of the validation 
exercise. The validation report, laboratory contact documentation, copies of the laboratory sample 
concentration reports, and the as-reviewed laboratory data package will be routed to the Project 
Manager for data assessment purposes and to the pennanent project records. 

6.6 Data Assessment Procedures 

Tne data will be validated by project personnel in compliance with EPA guidelines and then reported 
to the Golder Project Manager. Data assessment will then be performed as described in the Remedial 
Design Worlq)lan and the V/hite King Pond and Augur Creek Study Workplan. The data will 
eventually be transfened to EPA in a suitable format. 
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7.0 QUALITY CONTROL PROCEDURES 

All analytical samples will be subject to quality control (QC) measures in both the field and 
laboratory. The following minimum field quality contrcl requirements apply to all analyses for 
surface water, groundwater, sediment, and soil samples. These requirements are adapted from Test 
Methods for Evaluating Solid V/aste (EPA, 1986; SW-846), as m.odified by the proposed rale 
changes included in the Federal Register (EPA, 1989). 

e Field duplicate samples. Depending on the availability of sufficient sample quantities, 
field duplicates will be collected at a miriimum of one duplicate for each matrix for each 
period of sampling activity or one duplicate sample for each twenty field samples 
coUected, whichever is more frequent. A "sampling activity period" is identified as one 
or more field personnel engaged in a specific time of sample collection when one method 
of sampling is used. The sampling locations for field duplicates are to be determined in • 
the field based upon areas of field identified contaminants, and where volume 
requirements are sufficient. Duplicate samples will be retrieved from the same sampling 
iocation using the same equipment and sampling teclinique, and will be placed into 
idenfically prepared and preserved containers. All field duplicates will be identified with 
a unique sample designation as specified in Section 4.4 of this QAPP and will be 
analyzed independently as an indication of gross enors in sampling techmiques. 

• Equipment blanks. Equipment blanks will consist of pure deionized distilled water 
washed through decontaminated non-dedicated sampling equipment and placed in 
containers identical to those used for actual field samples. Equipment blanks may also 
include a collection of pure deionized distilled water into collection containers when 
only dedicated equipment is used. Equipment blanks verify the adequacy of sample 
containers, non-dedicated sampling equipment decontamination procedures, and the 
proficiency of the field technician to eliminate fugitive contaminants. The equipment 
blanks will be collected at a location based upon the potential for the presence of field 
contaminants and at the same frequency as field duplicate samples. 

• Trip blanks. Trip blanks consist of pure deionized distilled water added to one clean 
volatile organic sample vial, accompanying each batch of samples shipped' during a 
sampling activity or period. It is not anticipated that samples with volatile parameters 
will be investigated at the sites, and, therefore, trip blanks will not be collected. 
However, should this circumstance change, the analyses of the trip blank will be at the 
Project Manager's discretion. 

The intemal quality control checks performed by the anal3n;ical laboratory shall m.eet the following 
minimum requirements: 

e Matrix spike and matrix spike duplicate samples. Matrix spike and matrix spike 
duplicate sam.ples require the addition of a known quantity of a representative anaiyte of 
interest to the sample as a measure of recovery percentage. The spike shall be made in a 
replicate of a field sample or field duplicate sample. Replicate samples are separate 
aliquots removed from the same sample container in the laboratory. Spike compound . 
selection, quantities, and concentrations shall be described in the laboratories analytical 
procedures. One sample shall be spiked per analytical batch, or once every 20 samples, 
whichever is greater. 
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t' Quahty control reference samples (check samples). A quality control reference sample 
shall be prepared from an independent standard at a concentration other than that used 
for calibration, but within the calibration range. The quality controi reference sample is 
analyzed after the irutial calibration and before any samples are analyzed, and shall be 
mn v;ith even,' analytical batch, or every 20 samples, whichever is greater. Reference 
samples are required as an independent check on analytical technique and methodology. 
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8.0 PREVENTWE MAINTENANCE 

Ali measurement and testing equipment used in the field and laboratory that directly affects the 
quality of the analytical data shall be subject, to preventive maintenance micasures that ensure 
minimizafion of measurement system downtime, Golder Associates field equipment that is used for 
on-site direct measurement or samiple acquisition will be subject to the calibration and measurement 
test procedures as described in Technical procedure QP-11,1 Calibration and Maintenance of 
Measuring and Test Eq-uipment. The subcontracted analytical laboratories will be responsible for 
performing or managing the maintenance of their analytical equipment; maintenance requirements, 
spare parts hsts, and instmcfions will be incorporated in the laboratory's QA plan. 
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9.0 DATA MANAGEMENT PLAN 

The data management plan addresses the routing and storage of incoming project data. 

Laboratory data will be provided to Golder in both hard copy (paper) and electroruc fonnat. The 
paper copy will be routed to the data validator for confirmation of analytical data receipt and 
subsequent validation activities. The data validator will reserve electronic data until such timie as 
validation actions can be completed and the electromc version ofthe analytical data updated with 
qualifier flags as necessary. Validated analytical data packages and diskettes will be routed to 
the project records for controlled storage, and the validated data will be processed into the 
analytical database in accordance with guidance in Technical Procedure TP-2.2-12 Analytical 
Data Management. The following items associated with analytical data may be included as 
deliverables for inclusion into the project archives: 

• Analytical data packages and analytical quotes 

e Electronic versions ofthe data package by diskette, or e-mail delivery 

e Conespondence with the laboratory by e-mail, telecom, or facsimile transmission 
associated with analytical data package issues 

e Chain of custody and shipping documentation 

o Copies of technical field logs and field reports. 



e 
I 

Decemiber 12, 2003 QA-PP-18 . 033-1598.200 

10.0 REFERENCES 

APHA, 1989, Standard Methods for the Examination of V/ater and Wastewater, 20* Ed, 

ASTM D4557-85 Standard Practice for Collecting Benthic Macrovnvertebrates vt>ith Surber and 
Related Type Samplers, Annual Book of ASTM Standards, Vol 11.02, 1994, 

ASTM E2122-02 Standard Guide for Conducfing In-situ Field Bioassays With Caged Bivalves, 
ASTM Book of Standards, Volume 11,05, Subcommittee, E47,01, 

ASTM C88 Standard Test Method for Soundness of Aggregates by Use- of Sodium Sulfate or 
Magnesium Sulfate 

ASTM C535 Standard Test Method for Resistance to Degradation of Large-Size Coarse Aggregate 
by Abrasion and Impact in the Los Angeles Machine 

ASTM D422 Standard Test Mediod for Particle-Size Analysis of Soils 

ASTMD1140 Standard Test Methods for Amount of Material in Soils Finer Than the No. 200 
(75-uni) Sieve 

.A.STMD1557 Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 
Modified Effort 

ASTM D4318 Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity hidex of Soils 

ASTM D5084 Standard Test Methods for Measurement of Hydraulic Conductivity of Saturated 
Porous Materials Using a Flexible Wall Permeameter 

DOE, 4.5.2.3 Gamma Ray Spectrometry, EML Procedures Manual, US Department of Energy, 27* 
Edition, Volume 1, 1990. 

EPA, 1979, Methods for the Chemical Analysis of Water and Waste, EPA-600/4-79-020. 

EPA, 1986, Test Methods for Evaluating Solid Waste, SW-846. 

EPA, 1989, Federal Register, Volume 54, No. 13. 

EPA, 1998, EPA Guidance for Quality Assurance Project Plans, EPA QA/G-5, (EPA/600/R-98/018), 
February, 

EPA, 1999, USEPA Contract Laboratory Program Statement of Work for Organics, OLM04.2, 
August, 

EPA, 1999, USEPA Contract Laboratory Program National Functional Guidelines for Organic Data 
Review, OSWER 9240.1 -05A-P, PB99-963506, (EPA-540/R-99-008), October. 

EPA, 2000, USEPA Contract Laboratory Program Statement of Work for Inorganics, ILM.04.1, 
January. 



I 
December 12, 2003 QAPP-19 033-1398.200 

EPA, 2001, USEPA Contract Laboratory Program National Functional Guidelines for Low 
Concentration Organic Data Review, OSWER 9240.1-34, (EPA 540-R-00-006), June. 

EPA; 2002, USEPA Contract Laboratory Program National Functional Guidelines for Inorganic 
Data Review, OSV/ER 9240.1-35, (EPA 540-R-Oi -008), July. 

EPA. 1989, Rapid Bioassessment Protocols for Use in Strearris and Rive-rs - Benthic 
Macroinvertebrates and Fish, EPA/440/4-89/001. 

EPA 900.0 Gross Alpha and Gross Beta Radioactivity, Prescribed Procedures for Measurement cf 
Radioactivity in Drinking Water, EPA-600/4-80-032, August, 1980, 

EPA. 901.1 Gamma Emitting Radionuclides, Prescribed Procedures for Measurement of 
Radioactivity in Drinking V/ater, EPA-600/4-80-032, August, 1980. 

EPA 903.1 Radium 226 - Radon Emianation Technique, Prescribed Procedures for Measurement of 
Radioactivity in Drinking Water, EPA-600/4-80-032, August, 1980, 

EPA 904.0 Radium 228, Prescribed Procedures for Measurement of Radioactivity in Drinking 
Water, EPA-600/4-80-032, August, 1980. 

EPA 200.8 Determination of Trace Elements in Waters and Wastes by ICP/MS, Environmental 
Monitoring Systems Laboratory, Office of Research and Developmjent, US EPA, Cincirmati, 
Ohio, Revision 5.4 

EPA 301 OA "Acid Digestion of Aqueous Samples and Extracts for Total Metals for Amalysis by 
Flame Atomic Absorption or Inductively Coupled Plasma (ICP) Spectroscopy", Test 
Methods for Evaluating Solid Waste, SW-846. 



TABLES 



TABLE OAPP-1.1 
RADIOMETRIC ANALYSES 
Soil and Water Quality Criteria 

- t ? ; v •••• \ , ? r 

'K;;;k,.,.,;;,.; Nanle ' ^">, 

Gross alpha activity 

Gross beta acdvity 

Radium 226 

Radium 228 

Potassium 40 

Diorium 232 

Uranium 234 

Uranium 238 

' ^ Symbol '' 

— 

— 

Ra-226 

Ra-228 

K-40 

. Th-232 

U-234 

U-238 

1 -/•'''T:yti6 . ' 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Method 

EPA 9310"/900,0' ' 

EPA 9310V 900.0'' 

EPA 9320 ' /903 j ' ' 

EPA 9320' / 904.0'' 

Gamma Spectroscopy (901,1) 

EPA 200,8'' 

Gamma Spectroscopy (901,1) 

EPA 200,8^" 

! 
1 t 

MDA and M D L ' 

15pCi/L 

50 pCi/L 

1 pCi/L 

1 pCi/L 

Lab Specific 

0,00002 mg/L 

Lab Specific 

0.00005 mg/L 

Notes: 

a - USEPA Methods from SW-846 Test Methods for Evaluating Solid Waste. 

b - EPA Methods from Prescribed Procedures for Measurement of Radioactivity in Drinking Water, August 1980. 

c - MDA, Minimum .Detectable Activity: pCi/L = pico Curie per Liter; MDL, Method Detection Limit: mg/L = milligi-am per Liter, 
d - EPA Method 200 8 Determination of Trace Elements in Waters and Wastes by ICP/MS Rev 5 A 

% \ N U g k » l 
Radium 226 

Radium 228 

Potassium 40 

Thorium 232 

Uranium 234 

Uranium 23 8 

i ifSvftilJjiiiP 
Ra-226 

Ra-228 

K-40 

Th-232 

U-234 

U-238 

MWd'' 
Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

EPA 93207 Gamma Spec 

EPA 93207 Gamma Spec 

Gamma Spectroscopy 

EPA 200,8'' 

Gamma Spectroscopy 

EPA 200,8"^ 

r t J * f'̂ MDA*' and M D L ' ' 

0 1 pCi/gm 

0,2 pCi/gm 

Lab Specific 

0.05 ug/gni 

Lab Specific 

1 ug/gm 

Notes: 

a - USEPA Methods from SW-846 Test Methods for Evaluating Solid Waste. 

b - MDA, Minimum Detectable Activity: pCi/gm = pico Curie per gram, 

c - MDL, Laboratoiy Method Detection Limits: ug/gm = microgram per gram. 
d - EPA Method 200.8 Determination of Trace Elements in Waters and Wastes by ICP/MS, Rev. 5.4. 
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TABLE QAPP -L2 
METALS 

Soil and Water Quality Criteria 

'iir A\' 

rV '̂̂ "T ilt^fk^S^^'^i^'^*^/ ^ .it,T,», 
Aluminum 

A.ntimony 
Arsenic 

7429 90 .5 

7440-36-0 
744or38:f 

Barium 7440-39-3 
Betyllium 7440-41-7 
Cadinium 7440-43-9 
Cal'ciuni 7440-7O-2 
Cliromium 7440-47-3 
Cobalt 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 

7440-48-4 
7440-50-8 
7439-89-6 

7439-92-1 
7439-94-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-50-8 

Selenium ; 7782-49-2 
Silver 17440-22-4 
Sodium !7440.23-5 

lliallium j 7440-28-0 
Vanadium 
Zinc-

7440-62-2 
7440-66-6 

200.7/601 OB 

200,9/60103 
200,9/60103 

[ 260.7/661OB 
200.7/60iOB 
200,9/60103 

' 200,7/60103 
200,7/6010B 
200,7/60103 

^ 206,9/60103 
200,7/60103 

200,9/60103 
200,7/60103 
200,7/60103 
245,1/7470A 
200,7/60103 

^ 200.7/60103 

200,9/60103 . 
200.9760103' 
200,7/60103 

200,9/60103 
'" • 20a7/6'0l6B 

200,7/60103 

CLP Înorginics 
''jILMP4 0 ^ 
,CRQL' Wifci 
^k,^ugn " 

200 

60 
10 

l , V 
La,borj&tory ^ 

^Vaterfe^* 
ug/L I 
100 

3^ 
'5 

200 5 
5 2 
5. • 

5000 
10 
50 
25 
100 

0.5 
1000 
10 
5 
'5 '"" 

100 

a : 1̂  
5000 

15 
0.2 
40 

5000 

1000 
5 

0,2 
10 

1666 
5 : 2'' 
16 i i ~i 

5000 

10 
50 

1000 

1" 
10 

20 1 10 

Notes: 
aa - Target Analyte List (TAL) Metals, from CLP Inorganic Analytical Statement of Work 
a - Methods for Chemical Analysis of Water & Wastes 1 SW-846 analytical methods, 
b - Method Detection Limit is given, 
c - PQL; Practical Quantitation Limit established by the laboratory, 
e - CRQL, Contract Required Quantitation Limit, 

j-ifeaboiatory Soil 

*! nfig/Kg 

10 
" 2 

1 
0,4 

1 
1,3 

I 2 
1 
2 

2 

0,02 
8 

10 
2 

2 
1 
2 

ILM04,0, 
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TABLE QAPP-L3 
GENERAL CHEMISTRY 

Soil and Water Quality Criteria 
and Field Parameter Summary 

' ' < & 

: ' , * ; ^ # 
> v>vG«n'f^ 

Miscellaneous 

Wet Chemistry 
Wet Chemistiy 

Wet Chemistry 

Wet Chemistry 

Wet Chemistry 

Wet Chemistiy 

Wet Cliemistry 

Wet Chemistry 

Wet Chemistry 

Wet Chemistry 

Wet Chemistry 

Wet Chemistry 
Wet Chemistry 

.^ti^.'̂ '̂nimm 
Field Parameter 

Field Parameter 

Field Parameter 

Field Parameter 

Field Parameter 
Field Parameter 

s;f, ,"ff§î ' 
,^^., wfe^iiiwv*^\^i 

Cyanide (Total) 

Cation Exchange Capacity 
Alkalinity (CaCOB) 

Ammonia as N 

Chloride 

Fluoride 

Nitrate 

Nitrite 

Ortho- Phosphate 

Sulfate 

Sulfide 

Carbonate 

Bicarbonate 

Total Dissolved Solids 

Total Suspended Solids 
Total Organic Carbon 

^filytes ii'm'^i^W.^'if^'lV. 
[JH 
Specific Conductance 

Dissolved Oxygen 

Temperature 

Oxidation Reduction (Eh) 
Turbidity 

i.,^.ASi# . 
. ^"m \M t«fiT V 

57 12 5 

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

EPA 335 2 

EPA 9081 
EPA 310,2 

EPA 350.3 • 

EPA 300,0 

EPA 300.0 

EPA 300.0 

EPA 300.0 

EPA 300.0 • 

EPA 300.0 

EPA 376,1 

SM2320B 

SM2320B 

EPA 160,1 

EPA 160,2 

EPA 415,1 /9060 

'Lkborltotlwaiei'^ 

igfuim 
50 
-

100(CaCO3) 

100 

200 

100 

50 

50 

200 • 

300 

1000 

20 

20 

10 mg/L 

10 mg/L 

1000 

moi'gk;ucS 
'n4^04 0 
C^C^L, Water 
"^ ug/L 

Laboratory Soil^ 

mg/Kg 

10 1 1 
-

' 

-

-

- " 

• — - " • - - • • • 

-

0.005 meq/gm 

-

-

-

-

-

-

-

-

-

-

-

-

-

;,'^^-'/'i^''-'5)^^Vj(ieia'Meth1illv>\'f- Sl-dnsilJVilŷ W . .'"'- ' | 
-

-

-

-

-
-

EPA 150.1 1 0,05 units 

EPA 120.1 

EPA 360. r 

S.M, 2550 

. S.M, 2580 

5 mhos 

L J 'llS''k,..„ ,-.. 
0,5 units 

+/- lOmV 
EPA 180,1 1 NTU 

-

-

-

-

L::Z: : : : : : . : : :Z: , . : . : ] 

-
-

- " -

NOTES: a - Methods for Chemical Analysis of Water <& Wastes, Standard Methods, and SW-846 analytical methods, 
b - MDL: Method Detection Limit, 
c - CRQL, Contract Required Quantitation Limit. 
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TABLE 0APP-L4 

SEMI-VOLATILE 
Soil and Water Quality Criteria 

f; ;<®BM-i€lrga!iiGBt 

m^m sii^mmM g i j i j i i i i 
Acids 
Acids 

Acids 
Acids 
Acids 
Acids 
Acids 
Acids 

Acids 

2,4,5-Trichloropher...l 95-95-4 8270C 
2,4,6-Trichlorophenol 88-06-2 8270C 

^.'.'^''^iliy!^..?il2L 51-28-5 8270C 
2,4-Dichlorophcnol 120-83-2 8270C 

Ijid^I'Ul^t'lXill'HlSL 105-67-9 8270C 
2-_ChloroghenoI_ 95-57-8 82700 

2^-Nitrophenol -75-5 8270C 
!4,6-Dinitro-o-cresol 534-52- 8270C 

}4-Nitroghenol_ 100-02-7 8270C 

10 25 
10 10 

10" 25 
"To 

10 

10 
50 

10 
....^„... 

0,1 25 

_0,83 
0733" 

0,83 
"633" „ „ _ . . . 

_0,33_ 
"01.3" 
0.83 
0,83 

Acids 
Acids 
Acids 
Acids 
Acids 

J2-Met1iylphenol, (o-Cresol) 95-48-7 8270C 10. 

j]>Chloro-m-cresol, (4-ch1oro-3-jTiethy]-phenol) 59-50-7 8270C 

'*'M£!!iy'l?'^£52klE;!£[55?iL 106-44-5 8270C 

''£n!S£!l!£!2E!l£2£L 87-86-5 8270C 0,1 25 
Phenol 108-95-2 8270C 10 10 

0,33 

0,83 
0,33 

Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 

2,2'-oxybis( 1 -chloropropane) 108-60-1 8270C 10 10 
2,4-Dinitrotoluene 121-14-2 8270C 10 10 
2,6-Dinitrotoluene 606-20-2 8270C 10 10 

2-C1iloronaphthalene, (beta-chloronaphthalene) 91-58-7 8270C 10 10 
2-Mrth5dnap_hthakne 91-57-6 8270C 10 

2-Nitroaniline 88-74-4 8270C 50 
10 

"25' 
3,3-Dichlorobenzidine 91-94-1 8270C 50 10 
3-Nitroaniline 99-09-2 8270C 50 25 
4-Bromophenyl_£heny1 ether 101-55-3 8270C 10 10 

0,33 
0.33 
0.33 
0.33 
0,33 
0,83 
0,33 

Base/Neutral 
Base/Neutral 

4-ChIoroaniline 106-47-8 8270C 10 

£"Sl!2!£E!l£!}XLE!l5!!y' llil?'' 7005-72-3 8270C 10 10 
0,33 
0,33 

Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 

Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 

4-Nitioani1ine 100-01-6 8270C 50 25 
Acenaphthene 83-32-9 8270C 10 
Ac«iaphthylene__ 208-96-8 8270C 10 10 
Aceto{DlT£none_ 98-86-2 8270C 10 

Anthracene 120-12-7 8270C 

0,83 
0.33 

Benzo(a)aatliracerie_^ 56-55-3 8270C 0,01" 

.S-'ilSSlSlfiY [£!]£. 50-32-8 8270C 10 

§£P^'')^"2I5!2lll£!i? 205-99-2 8270C 10 

Benzo(g,h,i]pei7lene 91-24-2 8270C 10 

l^£!l^°(!5l5!l?!H!i!3£~ 207-08-9 8270C 10 

0.33 
„ , _ . 

J:.3£ 
0.33 

"6"3"3 ' 

bjsl2-c.h\Qmeth}xy)jr^thasie_ ni-91-1 8270C 10 

b[_s(2-chlor_oethyĴ )ethe£_ 111-44-4 8270C 10 [ - 10 

0.33 , . . , „ . „ „ . . 

"o.W 

12/15/2003 1 of 2 OAPP Tables 2003-1212; SeniiVol-W&S 



TABLE OAPP-1.4 
SEMI-VOLATILE 

Soil and Water Quality Criteria 

i \ "t-

' ^ ' . ; 

i 

Base/Neutral 
Base/Neutral 

Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 
Base/Neutral 

' C\S M Itri 
1 ihord ohv 

(.no 
01 MOl 1 

CROI \\t\L 
p ?v .j . ^ fSv^T a;; f , J- ^ I 

bis(2-ethylhexyI)plithalate,(DEHP) 
Butyl benzyl phthalate 

Chrysene 
Dibenz[a,h]anthracene 
Dibenzofiiran 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-butj^hthalate 
Di-n-octylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno[l,2,3-cd]pyrene . 
Isophorone 
Naphthalene 
Nitrobenzene . 
N-Nitrosodi-n-propy (amine 
N-Nitrosodiphenylamine 
Phenanthrene 
Pyrene 

117-81-7 
85-68-7 

218-01-9 
53-70-3 
132-64-9 

^ -66-2 
131-11-3 
84-74-2 
117-84-0 1 
206-44-0 
86-73-7 
Fl 18-74-1 
87-68-3 
77-47-4 
67-72-1 
193-39-5 
78-59-1 
91-20-3 
98-95-3 
621-64-7 
86-30-6 
85-01-8 
\29-Q0-0 1 

8270C 
8270C 

8270C 
8270C 
8270C 
8270C 
8270C 
8270C 
8270C 
^82706' 
8270C 
8270C 
8270C 
8270C 
8270C 
8270C 
8270C 
8270C 
8270C 
8270C 
8270C 
8270C 
8270C 

2" 

io 
0,0 r 

10 
10 
10 
10 

. JO 

io 1 
' io 

10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
i"o 
To 
10 
10 
10 
10 
10 
10 

• 10 
10 
10 
10 
10 

c n filgamls; 

) Igj^H 
0.33 

0,33 

0,33 

0,33 
0.33 

0.33 

0.33 

0,33 

0,33 

0.33 
0,33 

0,33 
0,33 
0.33 

0.33 

0.33 

0.33 

0.33 

"'"' "6"3"3 

0.33 
0.33 
0.33' 
0.33' 

Notes: 
aa - Target Compound List analytes, from Contract Laboratory Progrant (CLP) Organic Analytical Statement of Work.{OlM.QA.T). 
a - USEPA Methods from SW-846. 
b - Reporting Limits are Practical Quantitation Limits (PQL) unless otherwise noted, established by participating laboratoiy, 
c - CRQL, Contract Required Quantitation Limit. 
d - Laboratorj' repotting limit is a Method Detection Limit (MDL) established annually for each instmment. 

Values are qualified as estimated up to 5 times the indicated number, 
e - Laboratory reporting limit is-established by special sample preparation procedures. Matrix interferences may render 

this reporting Jimit unachievable. Values reported are qualified as estimated up to a laboratory PQL of 10 ug/L. 
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TABLE QAPP-1.5 
PESTICIDE/ PCBs 

Soil and Water Quality Criteria 

^̂^ - " Anal>tcs'n>*f?f ^4 | / 

8 

1 S CAS V 

k>Z>t 
«-V.J^eA 

1. ' 1 ' 
Laboratory Wkler 

PQL̂  . «! 

1 
J" 

OLP Orginics 
^6r M04';2 CRQL' 
L4k* Walei ' 

1 aboratory Soil 
PQL" " 

,C] P Organics 
ÔJL,M04 2CRQL° 

Soil 
V*«>̂f /^* \V(.>,IJ'f^,»-^ljf,H'>'^"45j T'^^'J-'Tf ' ' ^ ug/L „ V ' ^ Ĵ  ^ ug/LV^ mg/Î g . mg/Kg 
4j4 DDD 
4^'-DDE 
4,4'-DDT 
Aldrin 
alpha-BHC 
beta-BHC 
idelta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
gantma-BHC, (lindane) 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
ArocTor 1260 

72 54 8 
72-55-9 
50l"29-3 
309-00-2 
319-84-6 
319-85-7 
319-86-8 
60-57-1 
959-98-8 
.33213-65-9 
1031-07-8 
7i2"d-8 
7421-93-4 
58-89-9 
76-44-8 
1024-57-3 
72-43-5 J 
8001-35-2 ^ 
12674-11-2 
11104-28-2 J 
11141-16-5 
53469-21-9 J 
12672-29-6 
11097-69-1 
11096-82-5 

8081A ! 0 02 { 0 1 
8081A 1 0,02 I 0,1 
8081A 
soil A "̂  
8081A 
8081A 
8081A 
8081A 
8081A 
8081A 
8081A 
8081A 

• 8081A 
8081A 
8081A 
808 IA 
8081A 
8081A 
8082 
8082 
8082 
8082 
80"82 1 
808*2 ' 
8082 

0,02 
0,01 
0,'or 
0,01 ' 
0.0 i 

•0.02 
o.di 

L 0-02 
0,02 
0.02 
0,02 

[ 6,01 
0,01 
d,oi "̂  
0.1 • 

1 

6;i 
0 2 ^ 

6,1 
6,1 
6.1 J 

f 0.1 
0,1 

0.1 
0,05 
0,05 

L 0-0'5 
0,05 
0,1 

0,05 

0,1 
0,1 

L 0,1 "" 
0,05 
0,05 
0,05 

6,5 
5 
1 

[__ „ 
• • " " r " "" 

^ i 

1 
1 

0 002 1 0 0033 
0'.b62 I "0,0033 
0,002 ! 0,0033 
o,66i \ 6,0017 
o.ooi 
0,001 
0,661 
0.002 
0.001 
0,002 
6,662 
0,002 
0.002 
6.001 , 
0.001 
0.001 
0,61 

JhL...... 
0,01 

^ 0,02 
0,01 
6,61 

I 6.01 
[ 6,61 

(),oT 

0,0017 
0,0017 
6,6617 
0,0033 
6.6617 
0,0033 
6.6633 
6,6633 

^ 6,0033 
0,0017 
0,0017 
0,0017 

I 0",6l7 
0,17 

0.033 
0,067 
0,033 
0,033 
0,033 
6,633 
0,033 

Notes: 
aa - Target Coin]50und List analytes from Contract Laboratoiy Program (CLP) Organic Analytical Statemettt of Work (OLM.04.2). 
a - USEPA Methods from SW-846. 
b - Reporting Limits are Practical Quantitation Limits (PQL) unless otherwise noted, established by participating laboratory. 
c - CRQL, Contract Required Quantitation Limit. 
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TABLE OAPP-2 

Golder Technical and Quality Control Procedures 

TP 1.1-14 Land Seismic Refraction Survey 

TP 1.2-2 Geotechnical Rock Core Logging 

TP-1.2-6 Field Identification of Soil 

TP 1,2-17 Rising Head Slug Test 

TP-1.2-18 Sampling Surface Soil for Chemical Analysis 

TP-1.2-21 Geotechnical Test Pit Logging and Sampling 

TP-1.2-23 Chain of Custody. 

TP-1.2-26 Surface Water Sampling Methods 

TP-1.3-1 Geologic Mapping of Soils in Test Pits 

TP-l:4-6a Manual Groundwater Level Measurement 

TP-2.2-12 Analytical Data Management 

TP-8.2-3 Sediment Sampling 

TP-8.6-1 Benthic Invertebrate Sampling Procedures 

QP-11.1 Calibration and Maintenance of Measuring and Test Equipment 

QP-14.1 Corrective and Preventive Action 

QP-16.1 Quality Assurance Records Management 
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TABLE OAPP-2 (continued') 

Other Technical and Oualit:^ Control Procedures 

223 GPS Calibration 

224 GPS Operation 

376-6 Portable Survey Instrument Operability Checks 

378-2 Calibration Check of Vendor-Calibrated Portable Survey Meters 

379-2 Calibration ofthe Ludlum Scaler Ratemeter, Model 2221 

ASTM Technical Procedures for Biota 

D4557-85 Standard Practice for Collecting Benthic Macroinvertebrates with Surber and Related 
Type Samplers 

E2122-02 Standard Guide for Conducting In-situ Field Bioassays With Caged Bivalves 
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TABLE OAPP-3 

Surface & Groundwater Sample Container Types, Volumes, 
Handling, Preservation, and Holding Times 

Analytes 

Radiochemical Compounds 

Semi volatile Organic 
Compounds 

Pesticide/PCBs 

• 

pH, Temperature, Ox-
Redox, Conductivity, 
Dissolved Oxygen, 
Turbidity 

Alkalinity, Chloride, 
Sulfate, Total Dissolved 
Solids, Total Organic 
Carbon 

Dissolved Metals, Mercury 

Total Metals, Mercury 

Container Type 

1, 1000 mL narrow 
mouth polyethylene 
bottle 

1, 1,000 mL narrow 
mouth amber glass 
bottles, teflon-lined 
cap. 

1, 1,000 mL nanow 
mouth amber glass 
bottles, teflon-lined 
cap. 

Field Parameters; 
Sample is not 
collected 

1, 1000 mL narrow 
mouth polyethylene 
bottle 

1, 1000 mL narrow 
mouth polyethylene 
bottle. 

1, 1000 mL narrow 
mouth polyethylene 
bottle. 

Special Handling 

Fill to Neck,. 

Fill to neck, (Collect an 
additional 1,000 niL 
aliquot for MS/MSD 
analysis if required) 

Fill to neck, (Collect an 
additional 1,000 inL 
aliquot for MS/MSD 
analysis ifrequired) 

Field Parameters; Sample 
is not collected 

Fill to neck 

Filter tiirough 0,45 um 
membrane filter, fill to 
neck. 

Fill to neck 

Preservation 

HNOj, pH < 2, store 
at <4°C. 

None. Store in dark 
at<4°C, 

None. Store in dark 
at <4°C, 

Field Parameters; 
Sample is not 
collected 

Alk, Cl, S04, TDS; 
None, store at <4'?C 

TOC; HCl to pH <2 

HNO3, pH < 2, store 
at <4°C, 

None, store at <4°C 

Maximum Holding 
Time 

6 months 

14 days for extraction, 
40 days for analysis after 
extraction 

14 days for extraction, 
40 days for analysis after 
extraction 

Field Parameters; 
Sample is not collected 

TDS, 7 days 

Alk,.; 14 days 

Cl, S04, TOC;, 28 days 

6 months, (28 day, Hg) 

6 months, (28 day, Hg) 
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TABLE OAPP-4 

Soil & Sediment Sample Coutainer Types^ Volumes, 
Handling, Preservations and HoMing Times 

Analytes 

Radiochemical 
Compounds 

Semi volatile 
Organic 
Compounds 

Pesticide/PCBs 

Metals 

Merciuy 

Container Type 

1, 4 oz. Wide mouth 
soii jar 

1,4 CZ, V/ide mouth 
soil jar 

1,4 02, Wide mouth 
soil jar 

1, 4 oz. Wide mouth 
soil jar 

1,4 oz. Wide mouth 
soil jar 

Speciai Handling 

Fill completely 

Fill completely 

Fill completely 

Fill completely 

Fill completely 

Preservation 

None, store in dark 
at 4°C. 

None, store in dark 
at 4°C, 

None, store in dark 
at 4°C. 

None, store in dark 
at 4°C. 

None, store in dark 
at4°C. 

Maximum Holding 
Time 

6 months 

14 days for 
extraction, 40 days 
for analysis after 
extraction 

14 days for 
extraction, 40 days 
for analysis after 
extraction 

6 months 

28 days 




